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Foreword 



1 HE rapid evolutiOQ of constructive methods in recent 
H^. years, as illustrated in the use of steel and concrete, 
,■ and the increased size and complexity of buildings, 
has created the necessity for an authority which shall 
embody' accumulated experience and approved practice along a 
variety of correlated lines. The Cyclopedia of Architecture, 
Carpentry, and Building is designed to fill this acknowledged 
need. 

C There is no industry that compares with Building In the 
close interdependence of its subsidiary trades. The Architect, 
for example, who knows nothing of Steel or Concrete con- 
struction is today as much out of place on important work 
as the Contractor who cannot make intelligent estimates, or who 
understands nothing of his legal rights and responsibilities. A 
cai-i)enter must now know something of Masonry, Electric Wiring, 
and, in fact, all other trades employed in the erection of a build- 
ing; and the same is true of all the craftsmen whose handiwork 
will enter into the completed structure. 

C Neither pains nor expense liave been spared to make the 
present work the most comprehensive and authoritative on the 
subject of Building and its allied industries. The aim has been, 
not merely to create a work which will appeal to the trained 



expert, but one that will commend itself also to the beginner 
and the self-taught, practical man by giving him a working 
knowledge of the principles and methods, not only of his own 
particular trade, but of all other branches of the Building Indus- 
try as well. The various sections have been prepaied esi>ecially 
for home study, each written by an acknowledged authority on 
the subject. The arrangement of matter is such as to carry the 
student forward by easy stages. Series of review questions are 
inserted in each volume, enabling the reader to test his knowl- 
edge and make it a permanent possession. The illustrations have 
been selected with unusual care to elucidate the text. 

^ The work will be found to cover many important topics on 
which little information has heretofore been available. This is 
especially apparent in such sections as those on Steel, Concrete, 
and Reinforced Concrete Construction; Building Superintendence; 
Estimating; Contracts and Specifications, including the princi- 
ples and methods of awarding and executing Government con- 
tracts; and Building Law. 

^ The Cyclopedia is a compilation of many of the most valu- 
able Instruction Papers of the American School of Correspond- 
ence, and the method adopted in its preparation is that which this 
School has developed and employed so successfully for many years. 
This method is not an experiment, but has stood the severest of all 
tests — that of practical use — which has demonstrated it to be the 
best yet devised for the education of the busy working man. 

^ In conclusion, grateful acknowledgment is due the staff of 
authors and collaborators, without whose hearty co-operation 
this work would have been impossible. 
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METHODS OF WIRING 

The different methods of wiring which are now approved by the 
National Boaixl" of Fire Underwriters, may be classified under four 
general heads, as follows: 

1. Wires Run Concealed in Conduits. 

2. Wires Run in Moulding. 

3. Concealed Knob and Tube Wiring. 

4. Wires Run Exposed on Insulators. 

WIRES RUN CONCEALED IN CONDUITS 
Under this general head, will be included the following: 

(a) Wires run in rigid conduits. 

(6) Wires run in flexible metal conduits. 

(c) Armored cable. 

Wires Run in Rigid Conduit. The form of rigid metal conduit now 
used almost exclusively, consists of plain iron gaspipe the interior sur- 
face of which has been prepared by removing the scale and by remov- 
ing the irregularities, and which is then coated with flexible enamel. 
The outside of the pipe is given a thin coat of enamel in some cases, 
and, in other 
cases, is galvan- 
ized. Fig. 1 
shows one make 

• » 1 f Fig. 1. Rigid Enameled Conduit. Unllned. 

OI enameled (Un- VourUsy of American Conduit Mfg, Co., Pittsburg, Pa. 

lined) conduit. 

Another form of rigid conduit is that known as the armored con- 
duit, which consists of iron pipe with an interior lining of paper 
impregnated with asphaltum or similar compound. This latter form 
of conduit Is now rapidly going out of use, owing to the unlined pipe 
being cheaper and easier to install, and owing also to improved methcHls 
of protecting the iron pipe from corrosion, and to the introduction of 
additional braid on the conductors, which partly compensates for the 
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pipe being unlined. The introduction of improved devices — ^sucli as 
outlet insulators, for protecting the conductors from the sharp edges of 
tlie pipe, at outlets, cui-out c^abinets, etc. — also decreases the neces- 
sity of the additional protection affonled by the interior paper lining. 

Rigid Conduits are made in gaspifKi sizes, from one-half inch to 
three inches in diameter. The following table gives the various data 
relating to rigid, enameled (unlined) conduit: 

TABLB I 
Rigid, Enameled Conduit— Sizes, Dimensions, Etc. 







Nominal 


Number op 


Actual 


Nominal 


Standard 


THICKNEttS 


Weight 


Threads 


Odtbipe 


Inside 


Pipe Size 


PER 


per Inch 


Diameter. 


Diameter. 






100 Kelt 


OF Screw 


Inches 


Inches 


i 


.109 


84 


14 


.84 


.62 


i 


.113 


112 


14 


L.Oo 


.82 


1 


.134 


167 


Hi 


1.31 


1.04 


ij 


.140 


224 


Hi 


1.66 


1.38 


li 


.145 


268 


Hi 


1.90 


1.61 


2 


.154 


361 


Hi 


2.37 


2.06 


2i 


.204 


574 


8 


2.87 


2.46 


3 


.217 


754 


8 


3.50 


3.06 



Tables II, III, and IV give the various sizes of conductors that 
may be installed in these conduits. Caution must be exercised in 

TABLE li 
Single Wire in Conduit 



Size Wire. B. & 8. G. 


Loricate!) Condi:it, U.nlined; D. B. IV'ire 


No. 14-4 






i 


inch 




*• 2 






i 


<( 




" 1 






i 


it 




'• 


i 


inch 


or 1 


It 




" 00 








It 




" 000 








it 




" 0000 








tt 




250,000 C. M. 








tt 




300.000 i\ M. 








ft 




350,000 (■. M. 








ti 




400,000 C. M. 


U 


<i 


or IJ 


ti 




450 0(H) C. M. 








tt 




500. OfK) (\ M. 








tt 




6fK),()()0 C. M. 


li 


ti 


or 2 


tt 




700.000 C. M. 






A4 


tt 




800,000 C. M. 






2 


tt 




900.000 (\ .M. 








It 




1,000,000 C, M. 


2 


<t 


or 2J 


tt 




1,500.000 C. M. 






•-^4 


It 




1,700,000 C. M. 






3 


tt 




2,000,(K)() C. M. 






3 


(1 
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TABLB III 
Two Wires in One Conduit 



Size Wxrr. B. & 8. O. 



No. 14 
12 



(4 



It 



10 

8 

6 

5 

4 

3 

2 

1 



00 

000 

0000 
250.000 C. M. 
300,000 C. M. 
350,000 C. M. 
400,000 C. M. 
450,000 C. M. 
500,000 C. M. 
600,000 C. M. 
700,000 C. M. 



II 
it 
(I 
it 
ti 

t€ 
II 
it 
tt 
It 



LoBiCATED Conduit, Unlineu; D. B. Wire 




TABLE IV 
Three Wires In One Conduit 



Size Wire. B.& S. G. 









1 


LoRicATKD Tube, Unlined; 






D. B. Wire 


Outside 


Center 




No. 14 


No. 12 


J inch 




• 12 




' 10 


i ' 


1 




' 10 




8- 


1 






8 




6 


1 






6 




4 


U ' 






5 




2 


li ' 






4 




' 1 


IJ inch or IJ * 






3 







U ' 






2 




' 2/0 


U " or 2 






1 




' 3/0 


o t 











' 4/0 


2 






' 2/0 


250 M. 


2 " or 2\ ' 






' 3/0 


300 M. 


2\ ' 






' 4/0 


400 M. 


24 ' 




250 M. 


450 M. 


2 J " or 3 




250 M. 


500 M. 


3 




300 M. 


600 M. 


3 




350 M.. 


700 M. 


3 




400 M. 


800 M. 


3 




450 M. 


900 M. 


3 
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mm 



using these tables, for the reason that the sizes of conductors which 
may be safely installed in any run of conduit depend, of course, upon 
the length of and the number of bends in the run. The tables are 
based on average conditions where the run does not exceed 90 to 100 
feet, without more than three or four bends, in the case of the smaller 
sizes of wires for a given size of conduit; and where the run does not 
exceed 40 to 50 feet, with not more than one or two bends, in the case 
of the larger sizes of wires, for the same sizes of conduit. 

Unlined conduit can be bent without injury to the conduit, if the 
conduit is properly made and if proper means are used in making the 
bends. Care should be exercised to avoid flattening the tube as a result 
of making the bend over a sharp cun e or angle. 

In installing iron conduits, the conduits should cross sleepers or 
beams at right angles, so as to reduce the amount of cutting of the 
beams or sleepers to a minimum. 

Where a number of conduits originate at a center of distribution, 
they should be run at right angles for a distance of two or three feet 
from the cut-out box, in order to obtain a symmetrical and workman- 
like arrangement of the conduits, and so as to have them enter the 
cabinet in a neat manner. \\Tiile it is usual to use red or white lead 
at the joints of conduits in order to make them water-tight, this is 
frequently unnecessary in the case of enameled conduit, as there is 
often sufficient enamel on the thread to make a water-tight joint. 

When iron conduits are installed in ash concrete, in Keene 
cement, or, in general, where they are subject in any way to corrosive 
action, they should be coated with asphaltum or other similar protec- 
tive paint to prevent such action. 

While the cost of circuit work run in iron conduits is usually 
greater than any other method of wiring, it is the most permanent 
and durable, and is strongly recommended where the first cost is not 
the sole consideration. This method of wiring should always be 
used in fireproof buildings, and also in the better class of frame build- 
ings. It is also to be recommended for exposed work where the work 
is liable to disturbance or mechanical damage. 

Wires Run in Flexible Metal Conduit. This form of conduit, 
shown in Fig. 2, is descril^ed by the manufacturers as a conduit com- 
posed of "concave and convex metal strips wound spindly upon each 
other in such a manner as to interlock several concave surfaces and 
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Fig. 2. Flexible Steel Conduit. 
Courtesy of Sterling Electric Co,, Troy, y, T. 



present their convex surfaces, both exterior and interior, thereby 
securing a smooth and comparatively frictionless surface inside and 
out." 

The field for the use of this form of conduit is rapidly increasing. 
Owing to its flexibility, conduit of this tj'pe can be used in numerous 
cases where the 
rigid conduit 
could not possi- 
bly be em- 
ployed. Its use 
is to be recom- 
mended above 

all the other forms of wiring, except that installed in rigid conduits. 
For new fireproof buildings, it is not so durable as the rigid conduit, 
because not so water-tight; and it is veiy diflScult, if not impossible, 
to obtain as workmanlike a condu't system with the flexible as with the 
rigid type of conduit. For completed or old frame buildings, however, 
the use of the flexible conduit is superior to all other forms of wiring. 

Table V gives the inside diameter of various sizes of flexible con- 
duit, and the lengths of standard coils. inside diameter of this 
conduit is the same as that of the rigid conduit; and the table given 
for the maximum sizes of conductors which may be installed in the 
various sizes of conduits, may be used also for flexible steel conduits, 
except that a little more margin should be allowed for flexible steel 
conduits than for the rigid conduits, as the stiffness of the latter makes 
it possible to pull in slightly larger sized conductors. 

TABLE V 
Qreenfield Flexible Steel Conduit 



Inside Dxamster 


Approximate Feet in Coil 




A inch 


200 




4 " 


200 




* " 


100 




1 " 


50 




1 


50 




li inches 


50 




li " 


50 




2 


f Random Lenirtha 




2i 


i< << 




3 


<« it 
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Thii conduit sliui'UI, of course, be first installed without the con- 
ductors, in the same manner aa the rigid coaduit. Owing to the 
flexibility ot this conduit, however, it is absolutely essential to fasten 
it securely at all elbows, bends, or offsets; for. If this is not done, con- 
siderable difficulty will be ex- 
perienced in drawing the con- 
ductors in the conduit. 

The rules governing the in- 
stallation of this conduit are 
the same as those covering 
rigid conduits. Double-braided 
Fig.i. UBootwbowcitttopforPBst«nin([FiBx- conductors are reciuired, and 

Ibla Conduit hi Place, , i ■. i i i i i ■ 

the conduit should be grounded 
as required by the Code Rides. As already stated, tli( conduit should ' 
be securely fastene<i {in not less than diree places) at all elbows; or 
else the special elbow damp made for this purpose, aliown in Fig, 3, 
should be used. 

In onler to cut flexible steel conduit properly, a fine liack saw 
should t« employed. Outlet-boxes are retjuiretl at all outlets, as well 
as bushing and wires to rigid 
conduit. Fig. 4 shows a coil 
of flexible steel conduit. Figs. 
5, C, and 7 show, respectively, 
an outlet box and cover, outlet 
plate, and bushing used for this 
conduit. 

Armored Cable. There 
are many cases where it is im- 
possible to install a conduit 
system. In such cases, prob- 
bably the next best results may 
be obtained by the use of steel 
armored cable. The rules gov- 
erning the installation of armored cable are given in the Naiional 
Elcdrie Code, under Section 24-A, and Section 4S ; also in 24^S. Thia 
cable is shown in Fig. 8, 

Pteel armored cable is made by winding formed steel strips over 
the insulated conductors. The steel strips are similar to those used 
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for the steel conduit. Care is taken in forming the enable, In avoid 
crushing or abmiding the insulation on the conductors as the steel 




Tlg.t. OatletBoxr»rr'l< 



strips are fol and formed over the same. In the process of manufac- 
ture, the spooh of steel ribbon are of irregular length, and when a 




spool is empty, the machine is stoppe*!, and tlie ribbon ia started on 
the next spool, the process being continued. There is no reason why 



the conduit cables could not be made of any length; but tlieir actual 
lengtlis as made are determined by convenience In handhng. Annored 
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cable is made in single conductors from No. 1 to No. 10 B. & S. G.; 
in twin condiLctors, from No. 6 to No. 14 B. & S. G.; and three^-conduo' 
tor cable, from No. 10 to No. 14 B. & S. G. Table VI gives various 
data relating to armored conductors: 

TABLE VI 
Armored Conductors — Types, Dimensions, Etc. 



Size 












Outside 


B.&S 




Type and Number or 


CONDUCTOBS 




DiAMETEB 


Gauqs 












(Inches) 


No. 14 


BX twin conductor 








.63 


'* 12 


II 


it a 








.685 


" 10 


It 


it it 








.725 


" 8 


i< 


it it 








.875 


" 6 


« 


it it 








1.3125 


" 14 


BM twin conductor (for marine work- 


-sliip 


wiring) 


.725 


" 12 


<« 


t( n 








.725 


" 10 


it 


It a 








.73 


" 14 


BX3 three conductor 








.71 


" 12 


(< 


a n 








.725 


" 10 


ti 


ft it 








.73 


" 14 


BXL twin conductor, leaded 








.725 


" 12 


II 


11 ti a 








.725 


" 10 


« 


it it it 








.87 


" 14 


BXL3 three conductor, leaded 








.90 


" 12 


11 


it It ti 








.90 


" 10 


II 


it it it 








.94 


" 10 

" 8 


Tyy^ 


D single conductor, stranded 

II <i it it 






.550 
.550 


" 6 


it 


it it it it 








.575 


" 4 


t€ 


it it it ti 








.700 


" 2 


it 


it it it a 








.900 


" 1 


it 


it tt it tt 








.965 


" 10 


Type 


DL single conductor, stranded, leaded 




.625 


'' 8 


<( 


II If <i 








.710 


" 6 


If 


tt it it 








.700 


*' 4 


it 


it it it 








.760 


" 2 


it 


tt tt t 








.920 


" 1 


It 


it it tt 








.910 






Steel Armored Flexible Cord 






" 18 


Typ 


E twin conductor 








.40 


" 16 


<i II it 








.40 


" 14 


If 


it it tt 








.47 


" 18 


Type 


EM twin conductor, re-ii 


nforced 






.575 


" 16 


ti 


<( <i II 


II 






.585 


" 14 


a 


tt ti it 


II 






.595 



In Table VI, Tvpes D (single), BX (twin), and BX3 (3 conduc- 
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tors) are armored cable adapted for ordinary indoor work. Type 
BM (twin conductors) is adapted for marine wiring. Types DL 
(single), BXL (twin), and BXL 3 (3 conductors) have the conductors 
lead-encased, with the steel armor outside, and are especially adapted 
for damp places, such as breweries, stables, and similar places. 

Type E is used for flexible-cord pendants, and is suitable for 
factories, mills, show windows, and other similar places. Type EM 
is the same as Type E; but the flexible cord is reinforced, and is suit- 
able for marine work, for use in damp places, and in all cases where it. 
will be subject to very rough handling. 

While this form of wiring has not the advantage of the conduit 
system — ^namely, that the wires can be withdrawn and new wires 
inserted without disturbing the building in any way whatever — ^yet it 
has many of the advantages of the flexible steel conduit, and it has 
some additional advantages of its own. For example, in a building 
already erected, this cable can be fished between the floors and in the 
partition walls, where it would be impossible to install either rigid 
conduit or flexible steel conduit without disturbing the floors or 
walls to an extent that would be objectionable. 

Armored conductors should be continuous from outlet to outlet, 
without being spliced and installed on the loop system. Outlet boxes 
should be installed at all outlets, although, where this is impossible, 
outlet plates may be used under certain conditions. Clamps should 
be provided at all outlets, switch-boxes, junction-boxes, etc., to hold 
the cable in place, and also to serve as a means of grounding the steel 
sheathing. 

Armored cable is less expensive than the rigid conduit or the 
flexible steel conduit, but more expensive than cleat wiring or knob 
and tube wiring, and is strongly recommended in preference to the 
latter. 

WIRES RUN IN MOULDING 

Moulding is very extensively used for electric circuit work, in 
extending circuits in buildings which have already been wired, and 
also in wiring buildings which were not provided with electric circuit 
work at the time of their erection. The reason for the popularity of 
moulding is that it furnishes a convenient and fairly good-looking 
runway for the wires, and protects them from mechanical injury. 
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Fig, 9. Two- Wire Wood Moulding. 



It seems almost unwise to place conductors carrying electric current, 
in wood casing; but this method is still permitted by the National 
Electric Code, although it is not allowed in damp places or in places 

where there is liability to damp- 

^^ — — sT l I ■ ness, such as on brick walls, 

in cellars, etc. 

The dangers from the use of 
moulding are that if the wood 
becomes soaked with water, 
there will be a liability to leak- 
age of current between the conductors run in the grooves of the mould- 
ing,and to fire being thereby started, which may not be immediately dis- 
covered. Furthermore, if the conductors are overioaded, and conse- 
quently overheated, the wood is likely to become charred and finally ig- 
nited. Moreover, the moulding itself is always a temptation as affording 
a good "round strip" in which to drive nails, hooks, etc. However, the 
convenience and popularity of moulding cannot be denied; and until 
some better substitute is found, or until its use is forbidden bv the 
RtUes, it will continue to be used to a very great extent for running 
circuits outside of the walls and on the ceilings of existing buildings. 
Figs. 9, 10, 11, and 12 show two- and three-wire moulding respectively; 
and Table VII gives complete data as to sizes of the moulding required 
for various sizes of conductors. 

While the Ruks recommend the use of hardwood moulding, as a 
matter of fact probably 90 per cent of the moulding used is of white- 
wood or other similar cheap, soft wood . Georgia pine or oak ordinarily 
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Fig. 10. Two-Wiro Wood Moulding. 



costs about twice as much as the soft wood. In designing moulding 
work, if appearance is of importance, the moulding circuits should 
be laid put so as to afford a symmetrical and complete design. For 
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example, if an outlet is to be located in the center of the ceiling, 
the moulding should be continued from wall to wall, the portion beyond 
the outlet, of course, having no conductors inside of the moulding. 
If four outlets are to be placed on the ceiling, the rectangle of moulding 
should be completed on the fourth side, although, of course, no con- 
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Fig. n. Three- wire Wood Moulding. 



ductors need be placed in this portion of the moulding. Doing this 
increases the cost but little and adds greatly to the appearance. 

Moulding is frequently used in combination with other methods 
of wiring, including armored cable, flexible steel tubing, and fibrous 
tubing. In many instances, it is possible to fish tubing between 
beams or studs running in a certain direction; but when the conduc- 
tors are to run in another direction or at right angles to the beams or 
studs, exposed work is necessary. In such cases, a junction-box or 
outlet-box must be placed at the point of connection between the 
moulding and tlie armored cable or steel tubing. 

Where circuits are run in moulding, and pass through the floor, 
additional protection must be provided, as required by the Code Rules, 
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Fig. 12. Three- wire Wood Moulding. 

to protect the moulding. As a rule, it is better to use conduit for all 
portions of moulding within six feet of the floor, so as to avoid the 
possibility of injury to the circuits. WTiere a combination of iron 
conduit or flexible steel tubing is used with moulding, it is well to use 
double-braided conductors throughout, because, although only single- 
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TABLE VII 
SIzM of Mouldings Required for Various Sizes of Conductors 



Z 


L.2 


ii. 

i 


MAXIMUM 

SIZE or wire: 

B^NDSSAUQE 


DIMENSIONS IN INCHES 


SOLID 


5TRANDE0 
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Ao 


Ab 


Ac 
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Bb 


Be 
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12 


14 


'? 
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ft 
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's 


ft 
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^^ 
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10 


'fi 


7" 


IR 
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IE 


A 
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=i. 


9 
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4 


5 


2 


X 
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5 
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asaooo 

CM. 
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10 
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- 
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-^ 
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1 


% 
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IR 


IB 


I 


— 


— 




B-e 


3 


12 


(■4 


='^ 


Te 


^ 


ft 


H 


fr 


A 


4 




ft 




a-4 


3 


6 


10 


4 


i^. 


ft 


A 




ie 


.^ 




-A 


ft 




&e 


3 


4 


5 


=-s 


.^. 


_^ 
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'T6 


li 


'V 
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braided conductors are required with moulding, double-braided con- 
ductors are required with unlinc<l conduit, and if doub1e-braid«l con- 
ductors were not used throughout, it wouki be necessary to make a 
joint at the outlet-box where the moukiing stupjjed and the conduit 
work commenced. A\Tiere tlie conductors jkiss through floors, iu 
moulding work, and where iron conduit Is used, the insjiect ion authori- 
ties, in order to protect the wire, usually re(|uirc that a fibrous tubing 
be used as additional protection for the conductors inside of the iron 
pipe, although, if double-bnii<le<l wire is used, llii.-i will not usually I)e 
required. Fig. 13 shows a fuseless cdhI rosette for use with moulding 
work. Fig. 14 shows a device for making a inp in nioukling wiring. 

Moulding work, under oniinarj' conditions, costs alxmt one-half 
as much as circuit run in rigid conduit, and alx>ut 75 per cent, under 
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ordinary conditions, of the tost of armored cable. ^\Tiere the latter 
method of wiring or the conduit system can be employed, one or the 
other of these two methods should be used in preftTciR-e to moulding. 




Pig. II Pu«l<sis Cord 



Bgraeuti, N. Y. 




BS the work is not only more substantial, but also safer. Various forms 
of meljil moulding have been intnxluced, but up to the present time 
liave not met with the sucress which they <!esen-e. 

CONCEALED KNOB AND TUBE WIRING 

This method of wiring is still allowed by the National Electric 
Code, although many vigorous attempts have been made to have it 
abolished. Each of these attempts has met with the strongest 
opposition from contractors and central stations, particularly in small 
towns and villages, the argument for this method lieing, that it is the 
cheapest method of wiring, and that if it were forbidden, many places 
which are wired according to tliis methwl would not be wired at all, 
and the use of electricity would therefore be much restricted, if not 
entirely done away with, in such communities. This aigument, how- 
ever, is only a temporary makeshift obstruction in the way of inevitable 
progress, and in a few years, imdoubtedly, flie concealed knob and 
tube method will be forbidden by the National EUctric Code. 

The cost of wiring according to this method is about one-third 
of the cost of circuits run in rigid conduit, and about one-halt of the 
cost of circuits run in armored cable. The latter method of wiring 
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b rapidly replacing knob and tube wiring, and justly so, wherever 
the additional price for the latter method of wiring can be obtained. 
As the name indicates, this method of wiring employs porcelain knoba 




Fig. 15. Knob aad Tube Wii 

and hibes, the circuit work being run conceakd between the floor beams 
and studs of a frame building. Ilie knobs are used when the circuits 
run parallel to the floor beams; and the porcelain tubes are used when 
the circuits are run at right angles to the floor l>eams. 

Fig. 15 shows an example of knob and tube wiring. In concealed 
knob and tube wiring, the wires must l)e separated at least ten inches 
from one another, and at least one uich from the surface wired over, 
that is, from the beams, flooring etc , to which the insulator is fas- 
tened. Fig. 16 shows a 
good type of porcelain 
knob for this class of 
wiring. For knob and 
tube wiring, it will boj 
noted that, owing to the 
fact that the wiring is 
concealed, the conductors ""''*' i'"'""'*'" k-o^ 

must be kept further apart than in tlie case of exposed or open wiring 
on insulators, where, except in damp places, the wires may be run on 
cleats or on insulators only one-half inch from the surface wired ovei. 
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Fibrous Tubing. Fibrous tubing is frequently used with knob 
Kod tube wiring, and the regulations governing its use are given in 
Rule 24, Section S, of the National EUdric Code. This tubing, as 
stated in this Rule, may be used where it is impossible and impracticable 
to employ knobs and tubes, provided the difference in potential 
between the wires is not over 300 volts, and if the wires are not sub- 




0SSSi 



•5^ 



^ —"'^ 



ject to moisture. The cost of wiring in flexible fibrous tubing is 
approximately about the same as the cost of knob and tube wiring. 
Duplex conductors, or two wires together are not allowed in fibrous 
tubing. 

Fibrous tubing is required at all outlets where conduit or armored 
cable is not used (as in knob and tube wiring) ; and, as required by the 
Rules, it must extend back from the last porcelain support to one inch 
beyond the outlet. Fig, 17 shows one make of fibrous tubing. 

Table VIII gives the maximum sizes of conductors (double- 
braided) which may be installed in fibrous conduit. 



TABLE VIII 
Sizes of Conductors In Fibrous Conduit 



OoniDB DliMTtl. 


Inside D 


AUHTER Onb Wire in Tdb. 


i. 


ch 


in 


ch No. 12 
" S 
" 9 


1 




1 
1 
1 
I 
2 

2i 


" 2/0 

250,000 C. M. 

400,000 C. M. 

750,000 C. M. 
1,000,000 C. M. 
1,500,000 C. M. 
2,000,000 C. M. 
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WIRES RUN EXPOSED ON INSULATORS 

This method of wiring has tlie aihantages of clieapneHS,durabilily . 
and accessibility. 

Cheapness. The relative c'ost of tliis method of wiring as com- 
pareii with that of the concealed conduit system, is about fifty per cent 
of the latter if rubber-covered conductors are used, and about forty 
per cent of die latter if weatherproof slow-burning conductors are used. 
As the Rules of the Fire I'nderwriters allow tlie use of weatherproof 
slow-burning conductors in dry places, considerable saving may be 
effected by this method of wiring, provided there is no objection to it 




from the standpoint of appearance, iind also provided that it is ui.l 
liable to mechanical injury or disarrangement. 

Durability. It is a well-known fact that rubber insulation has a 
relatively short lifd. Inasmuch as in this method of wiring, the insula- 
tion does not depend upon the inaulaticn of the conductors, but on 
the insulators themselves, which are of glass or porc-elain, this system 
b touch more desirable than any of the other metliods. Of course, 
if the conductors are mechanically injured, or the insulators broken, 
the insulation of the system is reduced; but there is no gradual dete- 
rioration as there is in the cise of other methods of wUing, where 
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rubber is depended upon for insulation. This is especially true in hot 
places, particularly where the temperature is 120° F. or above. For 
such cases, the weatherproof slow-burning conductors on porcelain 
or glass insulators are especially recommended. 

Accessibility. The conductors being run exposed, they may be 
readily repaired or removed, or connections may be made to the same. 

This method of 
wiring is especially 
recommended for 
mills, factories, and 
for large or long 
feeder conductors. 
Fig. 18 shows ex- 
amples of exposed 
large feeder con- 
ductors, installed in the New York Life Insurance Building, New 
ifork City. For small conductors, up to say No. 6 B. & S. 
Grauge each, porcelain cleats may be used to support one, two, 
or three conductors, provided the distance betw^een the conduc- 




Plg. 19. Two- Wire Cleat. 





Pig. aa One- wire Cleat. 



Fig. 21. Porcelain Insulator for 
Large Conductors. 



tors is at least 2^ inches in a two-wire system, and 2i inches 
between the two outside conductors in a three-wire system where the 
potential between the outside conductors is not over 300 volts. The 
cleat must hold the wire at least one-half inch from the surface to which 
the cleat is fastened; and in damp places the wire must be held at 
least one inch from the surface wired over. For larger conductors. 
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from No. 6 to No. 4/ B. & S. Gauge, it is usual to use dn^e porcelain 
cleats or knobs. Figs. 19 and 20 show a good form of two-wire 




cleat and single-wire cleat, respectively. 

For large feeder or main conductors 
from No. 4/0 B.& S. Gauge upward, a 
more substantial form of porcelain insu- 
lator should be used, such as shown in 
Fig. 21. These insulators are held in 
iron racks or angle-iron frames, of which 
two forms are shown in Figs, 22 and 23. 
The latter form of rack is particularly de- 
sirable for heavy conductors and where a 
number of conductors are run together. 
In this form of rack, any length of con- 
ductor can be removed without disturb- 
ing the other conductors. 

As a rule, the porcelain insulators 
should be placed not more than 4^ feet 
apart; and if the wires are liable to be 
disturbed, the distance between supports 
should be shortened, particularly for small 
conductors. If the beams are so far 
apart that supports cannot be obtained 
every 4^ feet, it is necessary to provide a 
running board as shown In Fig, 24, to 
which the porcelain cleats and knobs 
can be fastened. Figs. 25 and 26 show 
two methods of supporting small con- 
ductors, For conductors of No, 8 B. & S. 
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Gauge, or over, it is not necessary to break around the beams, provided 
tbey are not liable to be disturbed ; but the supports may be placed on 
each beam. 

IMiere the dis- 
tance between the 
supports, however, 
is greater than 4^ 
feet, it is usually 
necessary to provide 
mtennediate sup- pig.l*. Insolawrs Mounted on RuDDliig'Board across Wlda- 
ports, as shown in Spacea Beams. 

Fig. 27, or else to provide a running-board. Another method which 
may be used, where beams are further than 4^ feet apart, is to 





Fig. ST. iDtermedlite Support 



between Wlde-Spsced Beams. 



run a main along the wall at right angles to the beams, and to 
have the individual circuits run between and parallel to the beams. 




Fig. M. Metbod of Supporting a !li 



ling. 



In low-ceiling rooms, where the conductors are liable to injury, 
it is usually required that a wooden guard strip be placed on each side 
of the conductors, as shown in Fig. 28. 

Where the conductors pass through partitions or walls, they must 
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be protected by porcelain tubes, or, if the conductors be of rubber, by 
means of fibrous tubing placed inside of iron conduits. 

All conductors on the walls for a height of not less than six feet 
from the ground, either should be boxed in,or,if they be rubber-covered, 
should (preferably) be run in iron conduits; and in conductors having 
single braid only, additional protection should be provided bymeans of 
flexible tubing placed inside of the iron conduit. 

Where conductors cross each other, or where they cross iron pipes, 
they should be protected by means of porcelain tubes fastened with 
tape or in some other substantial manner that will prevent the tubes 
from slipping out of place. 

TWO-WIRE AND THREE-WIRE SYSTEMS 

As both the two-wire and the three-wire system are extensively 
used in electric wiring, it will be well to give some consideration to the 
advantages and disadvantages of each system, and to explain them 
somewhat in detail. 

Relative Advantages. The choice of either a two-wire or a three- 
wire system depends largely upon the source of supply. If, for ex- 
ample, the source of supply will always probably be a 120-volt, two- 
wire system, there would be no object in installing a three-wire system 
for the wiring. If, on the other hand, the source of supply is a 120- 
240-volt system, the wiring should, of course, be made three-wire. 
Furthermore, if at the outset the supply were two-wire, but with a pos- 
sibility of a three-wire system being provided later, it would be well 
to adapt the electric wiring for the three-wire system, making the 
neutral conductor twice as large as either of the outside conductors, 
and combining the two outside conductors to make a single conductor 
until such time as the three-wire service is installed. Of course, there 
would be no saving of copper in this last-mentioned three-wire system, 
and in fact it would be slightly more expensive than a two-wire system, 
as will be shortly explained. 

The object of the three-wire system is to reduce the amount of 
copper — and consequently the cost of wiring — necessary to transmit a 
given amount of electric power. As a rule, the proposition is usually 
one of lighting and not of power, for the reason that by means of the 
three-wire system w^e are able to increase the potential at which the 
current is transmitted, and at the same time to take advantage of the 
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greater eflSciency of the lower voltage lamp. If current for power 
(motors, etc.) only were to be transmitted, it would be a simple matter 
to wind the motors, etc., for a higher voltage, and thereby reduce the 
weight of copper. 
If, however, we in- 
crease the voltage 
of lamps, we find 
that they are not so 
efficient, nor is their 

life so lonsr. With ^Ig. 29. Tbree-Wire System, with Neutral Conductor between 
^' the Two Outside Conductora 

the standard carbon 

lamp, it has been found that the 240-volt lamp, with the same 
life, requires about 10 to 12 per cent more current than the cor- 
responding 120-volt lamp. Furthermore, in the case of the more 
eflBcient lamps recently introduced (such as the Tantalum lamp. 
Tungsten lamp, etc.), it has been found impracticable, if not impos- 
sible, to make them for pressures above 125 volts. For this reason 
the three-wire system is employed, for by this method we can use 240 
volts across the outside conductors, and by the use of a neutral con- 
ductor obtain 120 volts between the neutral and the outside conductor, 
and thereby be enabled to use 120-volt lamps. Furthermore, if a 
240-volt lamp should ever be placed on the market that was as economi- 
cal as the lower voltage lamp, the result would be that the 240-480- 
volt system would be introduced, and 240-volt lamps used. As a 

5 m I matter of fact, this 

A A has been tried in 

^ ^ several cities — ^and 

particularly in 

Providence, Rhode 

^ Island. As a rule, 

Fig. 80. Lamps Arranged in Pairs in Series, Dispensing with however, the 120- 
Necessity for Third or Neutral Conductor. 

volt lamp has been 
found so much more satisfactory as regards life, efficiency, etc., that 
it is nearly always employed. 

The two-wire system is so extremely simple that no explanation 
whatever is required concerning it. 

The three-wire system, however, is somewhat confusing, ana 
will now i)e considered. 
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Details of Three-Wire System. The three-wire system may be 
considered as a two-wire system with a third or neutral conductor 
placed between the two outside conductors, as shown in Fig. 29. 
This neutral conductor would not be required if we could always have 
the lamps arranged in pairs, as shown in Fig. 30. In this case, the 
two lamps would bum in series, and we could transmit the current 
at double the usual voltage, and thereby supply twice the number of 
lamps with one-quarter the weight of copper, allowing the same loss 
in pressure in the lamps. The reason for this is, that, having the 
lamps arranged in series of pairs, we reduce the current to one-half, 
and, as the pressure at which the current is transmitted is doubled, 
we can again reduce the copper one-half without increasing the loss 
in lamps. We therefore see that we have a double saving, as the cur- 
rent is reduced one-half, which reduces the weight of copper one-half , 
and we can again reduce the copper one-half by doubling the loss in 
volts without increasing the percentage loss. For example, if in one 
case we had a straight two-wire sj'stem transmitting current to 100 
lamps at a potential of 100 volts, and this system were replaced by one 
in which the lamps were placed in series of pairs, as shown in Fig. 30, 
and the potential increased to 200 volts — 100 lamps still being used — 
we should find, in the latter case, that we were carrying current really 
for only 50 lamps, as we would require only the same amount of cur- 
rent for two lamps now that we required for one lamp before. Fur- 
thermore, as the potential would now be 200 instead of 100 volts, 
we could allow twice as much loss as in the first case, because the loss 
would now be figured as a percentage of 200 volts instead of a percent- 
age of 100 volts. From this, it will readily be seen that in the second 
case mentioned, we would require only one-quarter the weight of 
copper that would be re(iuired in the first case. 

It will readily be seen, however, riiat a system such as that out- 
lined in the second scheme having two lamps, would be impracticable 
for ordinary purposes, for the reason that it would always require the 
lamps to be burned in pairs. Now, it is for this very reason that the 
third or neutral conductor is required ; and, if this comhurtor l)e added, 
it will no longer l)e neccssurj' to burn the lamps in pairs. This, then, 
is the object of the three-wire system — to enable us to reduce the 
amount of copper recjuired for transmitting current, without increasing 
the electric pressure employed for the lamps. 
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With regard to the size of the neutral conductor, one important 
point must be borne in mind ; and that is, that the Rules of the National 
Electric Code require the neutral conductor in all interior wiring to be 
made at least as large as either of the two outside conductors. The 
reasons for this from a fire standpoint are obvious, because, if for 
any reason either of the outside conductors became disconnected, the 
neutral wire might be required to cany the same current as the out- 
side conductors, and therefore it should be of the same capacity. Of 
course, the chances of such an event happening are slight; but, as 
the fire hazard is all-important, this rule must be complied with for 
interior wiring or in all cases where there would be a probability of 
fire. For outside or underground work, however, where the fire 
hazard would be relatively unimportant, the neutral conductor might 
be reduced in size; and, as a matter of fact, it is made smaller than 
the outside conductors. 

The three-wire system is sometimes installed where it is desired 
to use the system as a two-wire, 125-volt system, or to have it arranged 
so that it may be used at any time also as a three-wire, 125-250-volt 
system. Of course, in order to do this, it is necessary to make the 
neutral conductor equal to the combined capacity of the outside con- 
ductors, the latter being then connected together to form one con- 
ductor, the neutral being the return conductor. This system is not 
recommended except in such instances, for example, as where an 
isolated plant of 125 volts is installed, and where there is a possibility 
of changing over at some future time to the three-wire, 125-250-volt 
system. In such a case as this, however, it would be better, where 
possible, to design the isolated plant for a three-wire, 125-250-volt 
system originally, and then to make the neutral conductor the same 
size as each of the two outside conductors. 

The weight of copper required in a three-wire system where the 
neutral conductor is the same size as either of the two outside conduct- 
ors, is I of that required for a corresponding two-wire system using 
the same voltage of lamps.* It is obvious that this is true, because, 

♦Note. — If, In the two-wire system, we represent the weight of each of the two con- 
ductors by i, the weight of each or the out«ide conductors in a three-wire system would 
be represented by i; and If we had three conductors of the same size, we would have 
| + i-|-4 = |of the weight of copper requlrtxi in a three-wire system, which would be 
required In a corresponding two-wire system having the same percentage of loss and 
unng the same voltf^ of lamps. 

If the neutral conductor were made h of the size of each of the outside conductors. 
as is sometimes done in imderground work, the total weight of copper required would be 
i k-^ 1-iV=Aof that required In the corresponding two- wire system. 
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as the discussion proved concerning the arrangement shown in Fig. 
30, where the lamps were placed in series of pairs, we found that the 
weight of copper for the two conductors was one-quarter the weight 
of the regular two-wire system. It is then of course true, that, if we 
had another conductor of the same size as each of the outside conduct- 
ors, we increase theweight of copper one-half, or one-quarter plus 
one-half of one-quarter — that is, three-eighths. 

In the three-wire system frequently used in isolated plants in 
which the two outside conductors are joined together and the neutral 
conductor made equal to their combined capacity, there is no saving 
of copper, for the reason that the same voltage of transmission is used, 
and, consequently, we have neither reduced the current nor increased 
the potential. Furthermore, though the weight of copper is the same, 
it is now divided into three conductors, instead of two, and naturally 
it costs relatively more to insulate and manufacture three conductors 
than to insulate and manufacture two conductors having the same 
total weight of copper. As a matter of fact, the three-wire system, 
having the neutral conductor equal to the combined capacity of the 
two outside ones, the latter being joined together, is about 8 to 10 
per cent more expensive than the corresponding straight two-wire 
system. 

In interior wiring, as a rule, where the three-wire system is used 
for the mains and feeders, the two-wire system is nearly always em- 
ployed for the branch circuits. Of course, the two-wire branch cir- 
cuits are then balanced on each side of the three-wire system, so as to 
obtain as far as possible at all times an equal balance on the two sides 
of the system. This is done so as to have the neutral conductor carry 
as little current as possible. From what has already been said, it is 
obvious that in case there is a perfect balance, the lamps are virtually 
in series of pairs, and the neutral conductor does not carry any current. 
Where there is an unbalanced condition, the neutral conductor carries 
the difference between the current on one side and the current on the 
other side of the system. For example, if we had five lamps on one 
side of the system and ten lamps on the other, the neutral conductor 
would carrj' the current corresponding to five lamps. 

In calculating the three-wire system, the neutral conductor is 
disregarded, the outer wires being treated as a two-wire circuit, and 
the calculation is for one-half the total number of lamps, the per- 
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centage of loss being based on the potential across the two outside 
conductors. 

The three-wire system is very generally employed in alteraating- 
current secondary wiring, as nearly all transformers are built with 
three-wire connections. 

While unbalancing will not affect the total loss in the outside 
conductors, yet it does affect the loss in the lamps, for the reason that 
the system is usually calculated on the basis of a perfect balance, and 
the loss is divided equally between the two lamps (the latter being 
considered in series of pairs). If, however, there is unbalancing to 
a great degree, the loss in lamps will be increased ; and if the entire 
load is thrown over on one side, the loss in the lamps will be doubled 
on the remaining side, because the total loss in voltage will now occur 
in these lamps, whereas, in the case of perfect balance, it would be 
equally divided between the two groups of lamps. 

CALCULATION OF SIZES OF CONDUCTORS 

The formula for calculating the sizes of conductors for direct 
currents, where the length, load, and loss in volts are given, is as fol- 
lows: 

The size of conductor (in circular mils) is equal to the current multiplied 
by the distance (one way), multiplied by 21.6, divided by the loss in volts; or, 

CM=CXDX21S (,j 

in which C = Current, in amperes; 

D = Distance or length of the circuit (one way, in feet) ; 

V = Loss in volts between the beginning and end of the circuit. 

The constant (21.6) of this formula is derived from the resistance 
of a mil foot of wire of 98 per cent conductivity at 25° Centigrade or 
77® Fahrenheit. The resistance of a conductor of one mil diam- 
eter and one foot long, is 10.8 at the temperature and conduc- 
tivity named. We multiply this figure (10.8) by 2, as the length of a 
circuit is usually given as the distance one way, and in order to obtain 
the resistance of both conductors in a two-wire circuit, we must 
multiply by 2. The formula as above given, therefore, is for a two- 
wire circuit; and in calculating the size of conductors in a three-wire 
system, the calculation should be made on a two- wire basis, as ex- 
plained hereinafter. 
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Formula I can be transformed so as to obtain the loss in a given 
circuit, or the current which may be carried a given distance with a 
stated loss, or to obtain the distance when the other factors are given, 
in the following manner: 

Formula for Calculatlns Lom in Circuit when SlzOf Current, and DIatanoe are Qlven 

Tr - CX DX 21.6 ^^x 

^ " CM V^^ 

Formula tor Calculating Current which may be Carried by a Olven Circuit of Specified 

Length t and with a Specified Loss 

CM X V .^. 

Formula for Calculating Length of Circuit when Size, Loss, and Current to be Carried 

are Qlven 

CM XV /^x 

^"" C X 21.6 v^/ 

Formulfie are frequently given for calculating sizes of conductors, 
etc., where the load, instead of being given in amperes, is stated in 
lamps or in horse-power. It is usually advisable, however, to reduce 
the load to amperes, as the efficiency of lamps and motors is a variable 
quantity, and the current varies correspondingly. 

It is sometimes convenient, however, to make the calculation 
in terms of watts. It will readily be seen that we can obtain a formula 
expressed in watts from Formula I. To do this, it is advisable to 
express the loss in volts in percentage, instead of actual volts lost. It 
must be remembered that, in the above formulae, V represents the 
volts lost in the circuit, or, in other w^ords, the difference in potential 
between the beginning and the end of the circuit, and is not the 
applied E. M. F. The loss in percentage, in any circuit, is equal to 
the actual loss expressed in volts, divided by the line voltage, multiplied 
by 100; or, 

P - -^ X 100. 

From this equation, we have: 

100 

If, for example, the calculation is to be made on a loss of 5 per cent, 

with an applied voltage of 250, using this last equation, we would have: 

,, 5X250 ,_. .^ 
V = — Yof) — = 12.5 volts. 

P E 

Substituting the equation V= -r^ in Formula 1 , we have: 
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C jif ^ C_XDJ(_ZI^ 



cx 


PE 
100 

D X 21.6 X 100 


PE 
C X D X 2,160 




PE 



This equatioa it should be remembered, is expressed in terms of 
applied voltage. Now, since the power in watts is equal to the applied 
voltage mvUiplied by the current (fV = EC), it follows that 

W 
C »" — — 
^ E 

By substituting this value of C in the equation given above [C M= 

' — \ , the formula is expressed in terms of watts instead 

of current, thus: 

CM=EJLf^S_^ (5) 

in which W = Power in watts transmitted ; 

D = Length of the circuit (one way) — that is, the length of one 

conductor; 
P = Figure representing the percentage loss; 
E*= Applied voltage. 

All the above formulae are for calculations of two-wire circuits. 
In making calculations for three-wire circuits, it is usual to make the 
calculation on the basis of the two outside conductors; and in three 
wire calculations, the above formulae can be used with a slight modifi- 
cation, as will be shown. 

In a three-wire circuit, it is usually assumed in making the cal- 
culation, that the load is equally balanced on the two sides of the 
neutral conductor; and, as the potential across the outside conductors 
is double that of the corresponding potential across a two-wire circuit, 
it is evident that for the same size of conductor the total loss in volts 
could be doubled without increasing the percentage of loss in lamps. 
Furthermore, as the load on one side of the neutral conductor, when 
the system is balanced, is. virtually in series with the load on the 
third side, the current in amperes is usually one-half the sum of the 
current required by all the lamps. If C be still taken as the total 

*NoTE. Remember that V in Formulse 1 to 4 represents the volts lost, but that 
B in Formula 8 represents the applied voltage. 
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current in amperes (that is, the sum of the current required by all of 
the lamps) in Formula !» we shall have to divide this current by 2, 
to use the formula for calculating the two outside conductors for a 
three-wire system. Furthermore, we shall have to multiply the 
voltage lost in the lamps by 2, to obtain the voltage lost in the two out- 
side conductors, for the reason that the potential of the outside con* 
ductors is double the potential required by the lamps themselves. 
In other words, Formula 1 will become : 

Cx/)X 21.6 



CM 



2 X V X 2 
CXDX 21.6 



- .^ (6) 

in which C = Sum of current required by all of the lamps on both sides of 

the neutral conductor; 
D = Length of circuit — that is, of any one of the three conductors; 
V = Loss allowed in the lamps, i. e., one-half the total loss in the 

two outside conductors. 

In the same manner, all of the other formulae may be adapted for 
making calculations for three-wire systems. Of course the calcula- 
tion of a three-wire system could be made as if it were a two-wire 
system, by taking one-half the total number of lamps supplied, at 
one-half the voltage between the outside conductors. 

It is understood, of course, that the size of the conductor in 
Formula 6 is the size of each of the two outs de ones; but, inasmuch 
as the Rules of the National Electric Code require that for interior 
wiring the neutral conductor shall be at least equal in size to the outside 
conductors, it is not nec*essary to calculate the size of the neutral 
conductor. It must be remembered, however, that, in a three-wire 
system where the neutral conductor is made equal in capacity to the 
combined size of the two outside conductors, and where the two 
outside conductors are joined together, we have virtually a two-wire 
system arranged so that it can be converted into a three-wire system 
later. In this case the calculation is exactly the same as in the case 
of the two-wire circuits, except that one of the two conductors is split 
into two smaller wires of the same capacity. This is frequently done 
where isolated plants are installed, and where the generators are wound 
for 125 volts and it may be desired at times to take current from an 
outside three-wire 125-250-volt system. 
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METHOD OF PLANNING A WIRING 

INSTALLATION 

The first step in planning a wiring installation, is to gather all 
the data which will affect either directly or indirectly the system of 
wiring and the manner in which the conductors are to be installed. 
These data will include: Kind of building; construction of building; 
space available for conductors; source and system of electric-current 
supply; and all details which will determine the method of wiring 
to be employed. These last items materially affect the cost of the 
work, and are usually determined by the character of the building 
and by commercial considerations. 

Method of Wiring. In a modem fireproof building, the only 
system of wiring to be recommended is that in which the conductors 
are installed in rigid conduits; although, even in such cases, it may be 
desirable, and economy may be effected thereby, to install the larger 
feeder and main conductors exposed on insulators using weatherproof 
slow-burning wire. This latter method should be used, however, 
only where there is a convenient runway for the conductors, so that 
they will not be crowded and will not cross pipes, ducts, etc., and 
also will not have too many bends. Also, the local inspection authori- 
ties should be consulted before using this method. 

For mills, factories, etc., wires exposed on cleats or insulators 
are usually to be recommended, although rigid conduit, flexible con- 
duit, or armored cable may be desirable. 

In finished buildings, and for extensions of existing outlets, 
where the wiring could not readily or conveniently be concealed, 
moulding is generally used, particularly where cleat wiring or other 
exposed methods of wiring would be objectionable. However, as 
has already been said, moulding should not be employed where there 
is any liability to dampness. 

In finished buildings, particularly where they are of frame con- 
struction, flexible steel conduits or armored cable are to be recom- 
mended. 

While in new buildings of frame construction, knob and tube 
wiring are frequently employed, this method should be used only 
where the question of first cost is of prime importance. WTiile armored 
cable will cost approximately 50 to iOO per cent more than knob and 
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tube wiring, the former method is so much more permanent and is 
so much safer that it is strongly recommended. 

Systems of Wiring. The system of wiring — that is, whether 
the two-wire or the three-wire system shall be used — is usually deter- 
mined by the source of supply. If the source of supply is an isolated 
plant, with simple two-wire generators, and with little possibility 
of current being taken from the outside at some future time, the 
wiring in the building should be laid out on the two-wire system. If, 
on the other hand, the isolated plant is three-wire (having three-wire 
generators, or two-wire generators with balancer sets), or if the cur- 
rent is taken from an outside source, the wiring in the building should 
be laid out on a three-wire system. 

It very seldom happens that current supply from a central station 
is arranged with other than the three-wire system inside of buildings, 
because, if the outside supply is alternating current, the transformers 
are usually adapted for a three-wire system. For small buildings, 
on the other hand, where there are only a few lights and where there 
would be only one feeder, the two-wire system is used. As a rule, 
however, when the current is taken from an outside source, it is best 
to consult the engineer of the central station supplying the current, 
and to conform with his wishes. As a matter of fact, this should be 
done in any event, in order to ascertain the proper voltage for the 
lamps and for the motors, and also to ascertain whether the central 
station will supply transformers, meters, and lamps — for, if these 
are not thus supplied, they should be included in the contract for the 
wiring. 

Location of Outlets. It is not within the scope of this treatise 
to discuss the matter of illumination, but it is desirable, at this point, 
to outline briefly the method of procedure. 

A set of plans, including elevation and details, if any, and show- 
ing decorative treatment of the various rooms, should be obtained 
from the Architect. A careful study should then be made by the 
Architect, the Owner, and the Engineer, or some other person qualified 
to make recommendations as to illumination. The location of the 
outlets will depend: First, upon the decorative treatment of the 
room, which determines the aesthetic and architectural effects; second, 
upon the type and general form of fixtures to he used, which shoula 
be previously decided on; third, upon the tastes of the owners or 
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occupants in regard to illumination in general, as it is found that 
tSLStes vary widely in regard to amount and kind of illumination. 

The location of the outlets, and the number of lights required 
at each, having been determined, the outlets should be marked on 
the plans. 

The Architect should then be consulted as to the location of the 
centers of distribution, the available points for the risers or feeders, 
and the available space for the branch circuit conductors. 

In regard to the rising points for the feeders and mains, the fol- 
lowing precautions should be used in selecting chases: 

1. The space should be amply large to accommodate all the feeders and 
mains likely to rise at that given point. This seems trite and unnecessary, 
but it is the most usual trouble with chases for risers. Formerly architects 
and builders paid little attention to the requirements for chases for electrical 
work; but in these later days of 2-inch and 2}-inch conduit, they realize that 
these pipes are not so invisible and mysterious as the force they serve to dis- 
tribute, particularly when twenty or more such conduits must be stowed away 
in a building where no special provision has been made for them. 

2. K possible, the space should be devoted solely to electric wiring. 
Steam pipes are objectionable on account of their temperature; and these and 
all other pipes are objectionable in the same space occupied by the electrical 
conduits, for if the space proves too small, the electric conduits are the first to 
be crowded out. 

The chase, if possible, should be continuous from the cellar to the roof, 
or as far as needed. This is necessary in order to avoid unnecessary bends or 
elbows, which are objectionable for many reasons. 

In similar manner, the location of cutout cabinets or distributing 

centers should fulfil the following requirements: 

1. They should be accessible at all times. 

2. They should be placed sufficiently close together to prevent the cir- 
cuits from being too long. 

3. Do not place them in too prominent a position, as that is objectionable 
from the Architect's point of view. 

4. They should be placed as near as possible to the rising chases, in 
order to shorten the feeders and mains supplying them. 

Having determined the system and method of wiring, the location 
of outlets and distributing centers, the next step is to lay out the branch 
circuits supplying the various outlets. 

Before starting to lay out the branch circuits, a drawing showing 
the floor construction, and showing the space between the top of the 
beams and girders and the flooring, should be obtained from the Archi- 
tect, In f ""proof buildings of iron or steel construction, it is almost 
the invariable practice, where the work is to be concealed, to run the 
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conduits ove\ the beams, under the rough flooring, carrying them 
l)etween the sleepers when running parallel to the sleepers, and notch- 
ing the latter when the conduits run across them (see Fig. 31). In 
wooden frame buildings, the conduits run parallel to the beams and 
to the furring (see Fig. 32); they are also sometimes run below the 
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Fig. 81. RunniDg Conductors Concealed under Floor in Fireproof Building. 

beams. In the latter case the beams have to be notched, and this is 
allowable only in certain places, usually near the points where the 
beams are supported. The Architect's drawing is therefore necessary 
in order that the location and course of the conduits may be indicated 
on the plans. 

The first consideration in laying out the branch circuit is the 
number of outlets and number of lights to be wired on any one branch 
circuit. The Rides of the National Electric Code (Rule 21-D) require 
that "no set of incandescent lamps requiring more than 660 watts, 
whether grouped on one fixture or on several fixtures or pendants, 
will be dependent on one cut-out." While it would be possible to 
have branch circuits supplying more than 660 watts, by placing various 
cut-outs at different points along the route of the branch circuit, so 
as to subdivide it into small sections to comply with the rule, this 
method is not recommended, except in certain cases, for exposed wiring 
in factories or mills. As a rule, the proper method is to have the 
cut-outs located at the center of distribution, and to limit each branch 
circuit to 660 watts, which corresponds to twelve or thirteen 50-watt 
lamps, twelve being the usual limit. Attention is called to the fact 
that the inspectors usually allow 50 watts for each socket connected 
to a branch circuit; and although 8-candle-power lamps may be 
placed at some of the outlets, the inspectors hold that the standard 
lamp is approximately 50 watts, and for that reason th^^T? is always 
the likelihood of a lamp of that capacity being used, and their mspec- 



42 



ELECTRIC WIRING 



33 



tion is based on that assumption. Therefore, to comply with the 
requirements, an allowance of not more than twelve lamps per branch 
circuit should be made. 

In oidinaiy practice, however, it is best to reduce this number 
still further, so as to make allowance for future extensions or to increase 
the number of lamps that may be placed at any outlet. For this 
reason, it is wise to keep the number of the outlets on a circuit at the 
lowest point consistent with economical wiring. It has been proven 
by actual practice, that the best results are obtained by limiting the 
number to five or six outlets on a branch circuit. Of course, where 
all the outlets have a single light each, it is frequently necessarj-, for 
reasons of economy, to increase this number to eight, ten, and, in 
some cases, twelve outlets. 

We have already referred to the location of the wires or a)n(luits. 
This question is generally settletl by the peculiarities of the constnic- 
tion of the building. It is necessaiy to know this, liowever, l)efore 
laying out the circuit work, as it frequently detenu ines the course of 
a circuit. 

Now, as to the course of the circuit work, little need be said, 
as it is lai^ly influenced by the relative position of the outlets, cut- 
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Fig, SSL Running Conductors Concealed under Floor in Womlen Frame Building. 

outs, switches, etc. Betw^een the cut-out box and the first outlet, and 
between the outlets, it will have to be decide<l, however, whether 
the circuits shall run at right angles to the walls of the building or 
room, or whether they shall run direct from one point to another, 
irrespective of the angle they make to the sleepers or beams. Of 
course, in the latter case, the advantages are that the cost is some- 
what less and the number of elbows and bends is reduced. If the 
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tubes are bent, however, instead of using elbows, the difference in 
cost is usually very slight, and probably does not compensate for the 
disadvantages that would result from running the tubes diagonally. 
As to the number of bends, if branch circuit work is properly laid 
out and installed, and a proper size of tube used, it rarely happens 
that there is any difference in "pulling" the branch circuit wires. 
It may happen, in the event of a very long run or one having a large 
number of bends, that it might be advisable to adopt a short and 
most direct route. 

Up to this time, the location of the distribution centers has been 
made solely with reference to architectural considerations; but they 
must now be considered in conjunction with the branch circuit work. 

It frequently happens that, after running the branch circuits 
on the plans, we find, in certain cases, that the position of centers of 
distribution may be changed to advantage, or sometimes certain 
groups may be dispensed with entirely and the circuits run to other 
points. We now see the wisdom of ascertaining from the Architect 
where cut-out groups may be located, rather than selecting particular 
points for their location. 

As a rule, wherever possible, it is wise to limit the length of each 
branch circuit to 100 feet; and the number and location of the dis- 
tributing centers should be determined accordingly. 

It may be found that it is sometimes necessary and even desirable 
to increase the limit of length. One instance of this may be found in 
hall or corridor lights in large buildings. It is generally desirable, 
in such cases, to control the hall lights from one point; and, as the 
number of lights at each outlet is generally small, it would not be 
economical to run mains for sub-centers of distribution. Hence, 
in instances of this character, the length of runs will frequently exceed 
the limit named. In the great majority of cases, however, the best 
results are obtained by limiting the runs to 90 or 100 feet. 

There are several good reasons for placing such a limit on the 
length of a branch circuit. To begin with, assuming that we are going 
to place a limit on the loss in voltage (drop) from the switchboard to 
the lamp, it may be easily proven that up to a certain reasonable 
limit it is more economical to have a larger number of distributing 
centers and shorter branch circuits, than to have fewer centers and 
longer circuits. It is usual, in the better class of work, to limit the 



44 



ELECTRIC WIRING 35 



loss in voltage in any branch circuit to approximately one volt. As- 
suming this limit (one volt loss), it can readily be calculated that the 
number of lights at one outlet which may be connected on a branch 
circuit 100 feet long (using No. 14 B. & S. wire), is four; or in the 
case of outlets having a single light each, five outlets may be con- 
nected on the circuit, the first being 60 feet from the cut-out, the others 
being 10 feet apart. 

These examples are selected simply to show that if the branch 
circuits are much longer than 100 feet, the loss must be increased 
to more than one volt, or else the number of lights that may be con- 
nected to one circuit must be reduced to a very small quantity, pro- 
vided, of course, the size of the wire remains the same. 

Either of these alternatives is objectionable — the first, on the 
score of regulation; and the second, from an economical standpoint. 
If, for instance, the loss in a branch circuit with all the lights turned 
on is four volts (assuming an extreme case), the voltage at which a 
lamp on that circuit bums will vary from four volts, depending on the 
number of lights burning at a time. This, of course, will cause the 
lamp to bum below candle-power when all the lamps are turned on, 
or else to diminish its life by burning above the proper voltage when 
it is the only lamp buming on the circuit. Then, too, if the drop in 
the branch circuits is increased, the sizes of the feeders and the mains 
must be correspondingly increased (if the total loss remains the same), 
thereby increasing their cost. 

If the number of lights on the circuit is decreased, we do not use 
to good advantage the available carrying capacity of the wire. 

Of course, one solution of the problem would be to increase the 
size of the wire for the branch circuits, thus reducing the drop. This, 
however, would not be desirable, except in certain cases where there 
were a few long circuits, such as for corridor lights or other special 
control circuits. In such instances as these, it would be better to 
increase the sizes of the branch circuit to No. 12 or even No. 10 
B. & S. Gauge conductors, than to increase the numl)er of centers 
3f distribution for the sake of a few circuits only, in onler to reduce 
the number of lamps (or loss) within the limit. 

The method of calculating the loss in conductors has been given 
elsewhere; but it must be borne in mind, in calculating the loss of a 
branch circuit supplying more than one outlet, that separate calcu- 
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lations must be made for each portion of the circuit. That is, a 
calculation must be made for the loss to the first outlet, the length in 
this case being the distance from the center of distribution to the first 
outlet, and the load being the total number of lamps supplied by the 
circuit. The next step would be to obtain the loss between the first 
and second outlet, the length being the distance between the two out- 
lets, and the load, in this case, being the total number of lamps sup- 
plied by the circuit, miniLsihe number supplied by the first outlet; 
and so on. The loss for the total circuit would be the sum of these 
losses for the various portions of the circuit. 

Feeders and Mains. If the building is more than one story, an 
elevation should be made showing the height and number of stories. 
On this elevation, the various distributing centers should be shown 
diagrammatically; and the current in amperes supplied through 
each center of distribution, should be indicated at each center. The 
next step is to lay out a tentative system of feeders and mains, and to 
ascertain the load in amperes supplied by each feeder and main. 
The estimated length of each feeder and main should then be deter- 
mined, and calculation made for the loss from the switchboard to 
each center of distribution. It may be found that in some cases it 
will be necessary to change the arrangement of feeders or mains, or 
even the centers of distribution, in order to keep the total loss from the 
switchboard to the lamps within the limits previously determined. 
As a matter of fact, in important work, it is always best to lay out the 
entire work tentatively in a more or less crude fashion, according to 
the "cut and dried" method, in order to obtain the best results, because 
the entire layout may be modified after the first preliminary layout 
has been made. Of course, as one becomes more experienced and 
skilled in these matters, the final layout is often almost identical with 
the first preliminary arrangement. 

TESTING 

Where possible, two tests of the electric wiring equipment should 
be made, one after the wiring itself is entirely completed, and switches, 
cut-out panels, etc., are connected; and the second one after the 
fixtures have all been installed. The reason for this is that if a ground 
or short circuit is discovered before the fixtures are installed, it is 
more easily remedied; and secondly, because there is no division ot 
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the responsibility, as there might be if the first test were made only 
after the fixtures were installed. If the test shows no grounds or 
short circuits before the fixtures are installed, and one does develop 
after they are installed, the trouble, of course, is that the short circuit 
or ground is one or more of the fixtures. As a matter of fact, it is a 
wise plan always to make a separate test of each fixture after it is 
delivered at the building and before it is installed. 

WTiile a magneto is largely used for the purpose of testing, it is 
at best a crude and unreliable method. In the first place, it does 
not give an indication, even approximately, of the total insulation 
resistance, but merely indicates whether there is a ground or short 
circuit, or not. In some instances, moreover, a magneto test has 
led to serious errors, for reasons that will be explained. If, as is 
nearly always the case, the magneto is an alternating-current instru- 
ment, it may sometimes happen — ^particularly in long cables, and 
especially where there is a lead sheathing on the cable — that the 
magneto will ring, indicating to the uninitiated that there is a ground 
or short circuit on the cable. This may be, and usually is, far from 
being the case; and the cause of the ringing of the magneto is not a 
ground or short circuit, but is due to the capacity of the cable, which 
acts as a condenser under certain conditions, since the magneto produc- 
ing an alternating current repeatedly charges and discharges the cable 
in opposite directions, this changing of the current causing the magneto 
to ring. Of course, this defect in a magneto could be remedied by 
using a conmiutator and changing it to a direct-current machine; 
but as the method is faulty in itself, it is hardly worth while to do this. 

A portable galvanometer with a resistance box and Wheatstone 
bridge, is sometimes employed; but this method is objectionable 
because it requires a special instrument which cannot be used for 
many other purposes. Furthermore, it requires more skill and time 
to use than the voUmeter method, which will now be described. 

The advantage of the voltmeter method is that it requires merely 
a direct-current voltmeter, which can be used for many other purposes, 
and which all engineers or contractors should possess, together with 
a box of cells having a potential of preferably over 30 volts. The volt- 
meter should have a scale of not over 150 volts, for the reason that if 
the scale on which the battery is used covers too wide a range (say 
1,000 volts) the readings might be so small as to make the test inac- 
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curate. A good arrangement would be to have a voltmeter having 
two scales — say, one of 60 and one of 600 — ^which would make the 
voltmeter available for all practical potentials that are likely to be 
used inside of a building. If desired, a voltmeter could be obtained 
with three connections having three scales, the lowest scale of which 
would be used for testing insulation resistances. 

Before starting a test, all of the fuses should be inserted and 
switches turned on, so that the complete test of the entire installation 
can be made. When this has been done, the voltmeter and battery 
should be connected, so as to obtain on the lowest scale of the volt- 
meter the electromotive force of the entire group of cells. This 
connection is shown in Fig. 33. Immediately after this has been done, 

the insulation resistance to be tested 
is placed in circuit, whether the 
insulation to be tested is a switch- 
board, slate panel-board, or the 
entire wiring installation; and the 
connections are made as shown in 
Fig. 34. A reading should then 
again be taken of the voltmeter; 
and the leakage is in proportion 
to the difference between the first 
and second readings of the volt- 
meter. The explanation given below 
will show how this resistance may be calculated : It is evident that 
the resistance in the first case was merely the resistance of the volt- 
meter and tlie internal resistance of the battery. As a rule, the internal 
resistance of the battery is so small in companson \nih the resistance 
of the voltmeter and the external resistance, that it may be entirely 
neglected, and this will be done in the following calculation. In the 
second case, however, the total resistance in circuits is the resistance 
of the voltmeter and the batter}^ flus the entire insulation resistance 
on all the wires, etc., connected in circuit. 

To put this in mathematical form, the voltage of the cells may 
be indicated by the letter E; and the reading of the voltmeter when 
the insulation resistance is connected by the circuit, by the letter E', 
Let 71 represent the resistance of the voltmeter and Rx represent the 
insulation resistance of the installation which we wish to measure. 




Fig. 83. Connections of Voltmeter and 

Battery for Testing Insulation 

Keslstance. 
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It is a fact which the reader undoubtedly knows, that the E. M. F. as 
indicated by the voltmeter in Fig. 34 is inversely proportional to the 
resistance: that is, the greater the resistance, the lower will be the 
reading on the voltmeter, as this reading indicates the leakage or cur- 
rent passing through the resistance. Putting this in the shape of a 
formula, we have from the theory of proportion : 



or, 

Transposing, 

and 



E :E' ::R + Rx iH; 

E' R + E' Rx'ER. 

E' Rz^ER-E' R-^R {E-E'), 



Rx = 



__R(E- E') 



E' 



Or, expressed in words, the insulation resistance is equal to the resist- 
ance of the volt- 
meter multiplied by 
the difference be- 
tween the first read- 
ing (or the voltage 
in the cells) and 
the second reading 
(or the reading of 
the voltmeter with 
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Fig. 84. Insolation Resistance Placed in Circuit, Ready (or 

the insulation re- '^**''^- 

sistance in series with the voltmeter), divided by this last reading of 

the voltmeter. 

Example, Assume a resistance of a voltmeter (R) of 20,000 ohms, 
and a voltage of the cells (E) of 30 volts; and suppose that the insula- 
tion resistance test of a wiring installation, including switchboard, 
feeders, branch circuits, panel-boards, etc., is to be made, the insula- 
tion resistance being represented by the letter H, . By substituting 
in the formula 

R(E-E') 



Rx - 



E' 



and assuming that the reading of the voltmeter with the insulation 
resistance connected is 5, we have: 



R - 



20,000 X (30-5) 



100,000 ohms. 



If the test shows an excessive amount of leakage, or a ground or 
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short circuit, the location of the trouble may be determined by the 

process of elimination — that is, by cutting out the various feeders 

until the ground or leakage disappears, and, when the feeder on which 

the trouble exists has been located, by following the same process 

with the branch circuits. 

Of course, the larger the installation and the longer and more 

numerous the circuits, the greater the leakage will be; and the lower 

will be the insulation resistance, as there is a greater surface exposed 

for leakage. The Rules of the National Electric Code give a sliding 

scale for the requirements as to insulation resistance, depending upon 

the amount of current carried by the various feeders, branch circuits, 

etc. The rule of the National Electric Code (No. 66) covering this 

point, is as follows: 

"The wiring in any building must test free from grounds; i. e., the com- 
plete installation must have an insulation between conductors and between 
all conductors and the ground (not including attachments, sockets, receptsr 
cles, etc.) not less than that given in the following table: 

Up to 5 amperes 4,000,000 ohms 

10 " 2,000,000 '' 

25 " 800,000 " 

" 50 " 400,000 " 

100 " 200,000 " 

" 200 " 100,000 " 

400 " 50,000 " 

800 " 25,000 " 

" 1,600 " 12,500 " 

"The test must be made with all cut-outs and safety devices in place. If 
the lamp sockets, receptacles, electroliers, etc., are also connected, only one- 
half of the resistances specified in the table will be required." 

ALTERNATINQ-CURRENT CIRCUITS 

It is not within the province of this chapter to treat the various 
alternating-current phenomena, but simply to outline the modifications 
which should be made in designing and calculating electric light 
wiring, in order to make proper allowance for these phenomena. 

The most marked difference between alternating and direct cur- 
rent, so far as wiring is concerned, is the effect produced by self- 
induction, which is characteristic of all alternating-current circuits. 
This self-induction varies greatly with conditions depending upon 
the arrangement of the circuit, the medium surrounding the circuit, 
the devices or apparatus supplied by or connected in the circuit, etc. 
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For example, if a coil having a resistance of 100 ohms is included in 
the circuit, a current of one ampere can be passed through the coil 
with an electric pressure of 100 volts, if direct current is used ; while 
it might require a potential of several hundred volts to pass a current 
of one ampere if alternating-current were used, depending upon the 
number of turns in the coil, whether it is wound on iron or some other 
non-magnetic material, etc. 

It will be seen from this example, that greater allowance should 
be made for self-induction in laying out and calculating alternating- 
current wiring, if the conditions are such that the self-induction will 
be appreciable. 

On account of self-induction, the two wires of an alternating- 
current circuit must never be installed in separate iron or steel con- 
duits, for the reason that such a circuit would be virtually a choke coil 
consisting of a single turn of wire wound on an iron core, and the self- 
induction would not only reduce the current passing through the cir- 
cuit, but also might produce heating of the iron pipe. It is for this 
reason that the National Electric Code requires conductors constitut- 
ing a given circuit to be placed in the same conduit, if that conduit 
is iron or steel, whenever the said circuit is intended to carry, or is 
liable to carry at some future time, an rJtemating current. This does 
not mean, in the case of a two-phase circuit, that all four conductors 
need be placed in the same conduit, but that the two conductors of a 
given phase must be placed in the same conduit. If, however, the 
three-wire system be used for a two-phase system, all three conductors 
should be placed in the same conduit, as should also be the case in a 
three-wire three-phase system. Of course, in a single-phase two- or 
three-wire system, the conductors should all be placed in the same 
conduit. 

In calculating circuits carrying alternating current, no allowance 
usually should be made for self-induction when the conductors of the 
same circuit are placed close together in an iron conduit. When, 
however, the conductors are run exposed, or are separated from each 
other, calculation should be made to determine if the effects of self- 
induction are great enough to cause an appreciable inductive drop. 
There are several methods of calculating this drop due to self-induc- 
tion — one by formula, and one by a mathematical method which will 
be described. 
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Skin Effect. Skin effect in alternating-current circuits is caused 
by an incorrect distribution of the current in the wire, the current 
tending to flow through the outer portion of the wire, it being a well- 
known fact that in alternating currents, the current density decreases 
toward the center of the conductor, and that in large wires, the current 
density at the center of the conductor is relatively quite small. 

The skin effect increases in proportion to the square of the diam- 
eter, and also in direct ratio to the frequency of the alternating current. 

For conductors of No. 0000 B. & S. Gauge, and smaller, and for 
frequencies of 60 cycles per second, or less, the skin effect b negligible 
and is less than one-half of one per cent. 

For very large cables and for frequencies above 60 cycles per 
second, the skin effect may be appreciable; and in certain cases, allow- 
ance for it should be made in making the calculation. In ordinary 
practice, however, it may be neglected. Table IX, taken from AUer- 
nating-Current Wiring and Distribviicn, by W. R. Emmet, gives the 
data necessary for calculating the skin effect. The figures given in 
the first and third columns are obtained by multiplying the size of the 
conductor (in circular mils) by the frequency (number of cycles per 
second); and the figures in the second and fourth colunms show the 
factor to be used in multiplying the ohmic resistance, in order to 
obtain the combined resistance and skin effect. 

TABLE IX 
Data for Calculating Skin Effect 



Product op Circular 


Factor 


Product of Circular 


Factor 


Mils X Cycles per Sec. 


Mils X Cycles per Sec. 


10,000,000 


1.00 


70,000,000 


1.13 


20,000,000 


1.01 


80,000,000 


1.17 


30,000,000 


1.03 


90,000,000 


1.20 


40,000,000 


1.05 


100,000,000 


1.25 


50,000,000 


1.08 


125,000,000 


1.34 


60,000,000 


1.10 


150,000,000 


1.43 



The factors given in this table, multiplied by the resistance to direct cup- 
rents, will give the resistance to alternating currents for copper conductors of 
circular cross-section. 

Mutual Induction. When two or more circuits are run in the 
same vicinity, there is a possibility of one circuit inducing an electro- 
motive force in the conductors of an adjoining circuit. This effect 
may result in raising or lowering the E. M. F. in the circuit in which a 
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mutual induction takes place. The amount of this induced E. M. F. 
set up in one circuit by a parallel current, is dependent upon the cur- 
rent, the frequency, the lengths of the circuits running parallel to each 
other, and the relative positions of the conductors constituting the 
said circuits. 

Under ordinary conditions, and except for long circuits carrying 
high potentials, the efiPect of mutual induction is so slight as to be 
negligible, unless the conductors are improperly arranged. In order 
to prevent mutual induction, the conductors constituting a given 
circuit should be grouped together. Figs. 35 to 39, inclusive, show 
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Fig. 89. 

Various Oroupings of Conductors In Two Two- Wire Circuits, Giving Various 

Effects of Induction. 

five arrangements of two two-wire circuits; and show how relatively 
small the effect of first induction is when the conductors are properly 
arranged, as in Fig. 38, and how relatively large it may be when im- 
properly arranged, as in Fig. 39. These diagrams are taken from 
a publication of Mr. Charles F. Scott, entitled Polyphase Trans- 
mission^ issued by the Westinghouse Electric & Manufacturing 
Company. 

Line Capacity. The effect of capacity is usually negligible, 
except in long transmission lines where high potentials are used ; no 
calculations or allowance need be made for capacity, for ordinary 
circuits. 
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Calculation of Alternating-Current Circuits. In the instruction 
paper on "Power Stations and Transmission," a method is given for 
calculating alternating-current lines by means of formulae, and data are 
given regarding power factor and the calculation of both single-phase 
and polyphase circuits. For short lines, secouv^ary wiring, etc., how- 
ever, it is probably more convenient to use the v^hart method devised 
by Mr. Ralph D. Mershon, described in the Arrumcan Electrician of 
June, 1897, and partially reproduced as follows: 

DROP IN ALTERNATINQ-CURRENT LINES 

When alternating currents first came into use, when transmission 
distances were short and the only loads carried were lamps, the ques- 
tion of drof or loss of voltage in the transmitting line was a simple one, 
and the same methods as for direct current could without serious 
error be employed in dealing with it. The conditions existing in 
alternating practice to-day — longer distances, polyphase circuits, 
and loads made up partly or wholly of induction motors — render 
this question less simple; and direct-current methods applied to it 
do not lead to satisfnctory results. Any treatment of thb or of 
any engineering subject, if it is to benefit the majority of engineers, 
must not involve groping through long equations or complex diagrams 
in search of practical results. The results, if any, must be in avail- 
able and convenient form. In what follows, the endeavor has b?en 
made to so treat the subject of drop in alternating-current lines that 
if the reader be grounded in the theory the brief space devoted to 
it will sufiBce; but if he do not comprehend or care to follow the 
simple theory involved, he may nevertheless turn the results to his 
practical advantage. 

Calculation of Drop. Most of the matter heretofore published 
on the subject of drop treats only of the inter-relation of the E. M. F.'s 
involved, and, so far as the writer knows, there have not appeared 
in convenient form the data necessary for accurately calculating this 
quantity. Table X (page 47) and the chart (page 46) include, in a 
form suitable for the engineer's pocketbook, everything necessary 
for calculating the drop of alternating-current lines. 

The chart is simply an extension of the vector diagram (Fig. 40), 
giving the relations of the E. M. F.'s of line, load and generatoii. In 
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Fig. 40, E is the generator E. M. F. ; e, the E. M. F. impressed upon 
the load; c, that component of E which overcomes the back E. M. F. 
due to the impedance of the line. The component c is made up of two 
components at right angles to each other. One is a, the component 
overcoming the IR or back E. M. F. due to resistance of the line. 
The other is b, the component overcoming the reactance E. M. F. or 
back E. M. F. due to the alternating field set up around the wire by 
the current in the wire. The drop is the difference between E and 
e. It is d, the radial distance between two circular arcs, one of which 
is drawn with a radius e, and the other with a radius E. 

The chart is made by striking a succession of circular arcs with 
as a center. 
The radius of the 
smallest circle cor- 
responds to e, the 
E. M. F. of the 
load, which is taken 
as 100 per cent. 
The radii of the suc- 
ceeding circles in- 
crease by 1 per cent 
of that of the small- 
est circle; and, as 
the radius of the 
last or largest cir- ^ 
cle is 140 per cent 
of that of the smallest, the chart answers for drops up to 40 per cent of 
the E. M. F. delivered. 

The terms resistance voUs, resistance E. M, F., reactance voUs, 
and reactance E. M. F., refer, of course, to the voltages for overcom- 
ing the back E. M. F.'s due to resistance and reactance respectively. 
The figures given in the table under the heading "Resistance-Volts 
for One Ampere, etc." are simply the resistances of 2,000 feet of the 
various sizes of wire. The values given under the heading "React- 
ance-Volts, etCp" are, a part of them, calculated from tables published 
some time ago by Messrs. Houston and Kennelly. The remainder 
were obtained by using Maxwell's formula. 

The explanation given in the table accompanying the chart 
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Fig. 40. Vector Diagram. 
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TABLE X 
Data tor Calculating Drop la Altematlnt-Curreiit Llaes 

To tNi used In caDjnncUiiD wlcli Cb&rt on oppoilu pijw- 



Sunlng from ih» point on tbe cbart wbare tbe t< 



i Un« oorrapondtng with tbe 



B. M. F. horlEonially a 



ir-tactor or the load Intersecta the imalleBt clrale. Ik; oO in per O— 

' } the light; from the paint thna obtained, lar oS upward 

u.. -« 1-^. .^u.., w. ^^^ ^. «. . . »w»..,.«. ». «— ■»«. s,. «-B line. Kt* — 

[■ marked with tbe per cent drop **> which It cormtponda. 
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(Table X) is thought to be a sufficient guide to its use, but a few 
examples may be of value. 

Problem. Power to be delivered, 250 K.W.; E. M. F. to be delivered, 
2,000 volts; distance of transmission, 10,000 feet; size of wire, No. 0; distance' 
between wires, 18 inches; power factor of load, .8; frequency, 7,200 alterna- 
tions per minute. Find the line loss and drop. 

Remembering that the power factor is that fraction by which 
the apparent power of volt-amperes must be multiplied to give the 
true power, the apparent power to be delivered is 

^^^'^^' =312.5 apparent K.W. 

.o 

The current, therefore, at 2,000 volts will be 

-—-;-- = 1 56 . 25 amperes. 
2.000 ^ 

From the table of reactances under the heading "18 inches," and 

corresponding to No. wire, is obtained the constant .228. Bearing 

the instructions of the table in mind, the reactance-volts of this line 

are, 156.25 (amperes) X 10 (thousands of feet) X .228=356.3 volts, 

which is 17.8 per cent of the 2,000 volts to be delivered. 

From the column headed "Resistance-Volts" and corresponding 
to No. wire, is obtained the constant .197. The resistance-volts 
of the line are, therefore, 156.25 (amperes) X 10 (thousands of feet) 
X .197=307.8 volts, which is 15.4 per cent of the 2,000 volts to be 
delivered. 

Starting, in acconlance with the instructions of the table, from 
the point where the vertical line (which at the bottom of tlie chart 
is marked "Load Power Factor" .8) intersects the inner or smallest 
circle, lay off horizontally and to the right the resistance-E. M. F. iiL 
per cent (15.4); and fram the point thus obtained, lay off vertically the 
reactance-E. M. F. in per cent (17.8). The last point falls at about 
23 per cent, as given by the circular arcs. This, then, is the drop, in 
per cent, of the E. M. F, delivered. The drop, in per cent, of tlie generor 
tor E. M. F. is, of course, 

The percentage loss of power in the line has not, as with direct 
current, the same value as the percentage drop. This is due to the 
fact that the line has reactance, and also tliat the apparent power 
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delivered to the load is not identical with the true power — that is, 
the load power factor is less than unity. The loss must be obtained 
by calculating P R for the line, or, what amounts to the same thing, 
by multiplying the resistance-volts by the current. 

The resistance-volts in this case are 307.8, and the current 
156.25 amperes. The loss ij 307.8 X 156.25=48.1 K. W. The 
percentage loss is 

— — — '-TTT-r = 16.1 per cent. 
250+48.1 ^ 

Therefore, for the problem taken, the drop is 18.7 per cent, and the 

loss is 16 . 1 per cent. If the problem be to find the size wire for a given 

drop, it must be solved by trial. Assume a size of wire and calculate 

the drop ; the result in connection with the table will show the direction 

and extent of the change necessary in the size of wire to give the 

required drop. 

The effect of the line reactance in increasing the drop should be 

noted. If there were no reactance, the drop in the above example 

would be given by the point obtained in laying oflF on the chart the 

resistance-E. M. F. (15.4) only. This point falls at 12.4 per cent, 

and the drop in terms of the generator E. M. F. would be 

12 4 

-- — ; =11 per cent, instead of 18 . 7 per cent. 
112.4 t^ > f 

Anything therefore which will reduce reactance is desirable. 

Reactance can be reduced in two ways. One of these is to 
diminish the distance between wires. The extent to which this can 
be carried is limited, in the case of a pole line, to the least distance at 
which the wires are safe from swinging together in the middle of the 
span; in inside wiring, by the danger from fire. The other way of 
reducing reactance is to split the copper up into a greater number of 
circuits, and arrange these circuits so that there is no inductive inter- 
action. For instance, suppose that in the example worked out above, 
two No. 3 wires were used instead of one No. wire. The resistance- 
volts would be practically the same, but the reactance-volts would be 

.244 
less in the ratio ^ X '-^r^ = . 535, since each circuit would bear half the 

current the No. circuit does, and the constant for No. 3 wire i? .244, 
instead of . 228 — ^that for No. 0. The effect of subdividing the copper 
is also shown if in the example given it is desired to reduce the drop 
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to, say, one-half. Increasing the copper from No. to No. 0000 will 
not produce the recjuired result, for, although the resistance-volts will 
be reduced one-half, the reactance-volts will be reduced only in the 
ratio .212^ If, however, two inductively independent circuits of No. 

.228* 
wire be used, the resistance- and reactance-volts will both be reduced 
one-half, and the drop will therefore be diminished the required 
amount. 

The component of drop due to reactance is best diminished by svlh- 
dividing the copper or by bringing the condvjctors closer together. It 
is little affected by change in size of conductors. 

An idea of the manner in which changes of power factor affect 

drop is best gotten by an example. Assume distance of transmission, 

distance between conductors E. M. F., and frequency, the same as in 

the previous example. Assume the apparent power delivered the 

same as before, and let it be constant, but let the power factor be given 

several different values; the true power will therefore be a variable 

depending upon the value of the power factor. Let the size of wire 

be No. 0000. As the apparent power, and hence the current, is the 

same as before, and the line resistance is one-half, the resistance- 

E. M. F. will in this case be 

15 4 

— ^, or 7 . 7 per cent of the E. M. F. delivered. 

Also, the reactance-E. M. F. will be 

.212X17.8 ... 

228 = 1 6 . 5 per cent. 

Combining these on the chart for a power factor of .4, and deducing 
the drop, in per cent, of the generator E. M. F., the value obtained is 
15.3 per cent; with a power factor of .8, the drop is 14 per cent; 
with a power factor of unity, it is 8 per cenl. If in this example the 
true power, instead of the apparent power, had been taken as constant, 
it is evident that the values of drop would have differed more widely, 
since the current, and hence the resistance- and reactance-volts, 
would have increased as the power factor diminished. The condition 
taken more nearly represents that of practice. 

If the line had resistance and no reactance, the several values 
of drop, instead of 15.3, 14, and 8, would be 3.2, 5.7, and 7.2 per 
cent respef*tively, showing^ that for a loa^l of lamps the drop will not 
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be much increased by reactance; but that with a load, such as indue 
tion motors, whose power factor is less than unity, care should U 
taken to keep the reactance as low as practicable. In all cases it is 
advisable to place conductors as close together as good practice will 
pennit. 

When there is a transformer in circuit, and it is desired to obtain 
the combined drop of transformer and line, it is necessary to know 
the resistance- and reactance-volts of the transformer. The resist- 
ance-volts of the combination of line and transformer are the sum of 
the resistance-volts of the line and the resistance-volts of the trans- 
former. Similarly, the reactance-volts of the line and transformer 
are the sum of their respective reactance-volts. The resistance- and 
reactance-E. M. F.s of transformers may usually be obtained from 
the makers, and are ordinarily given in per cent.* These per- 
centages express the values of the resistance- and reactance-E. M. F.'s 
when the transformer delivers its nonnal JuH-load current; and they 
express these values in terms of the normal no-load E. M. F. of the 
transformer. 

Consider a transformer built for transformation between 1,000 
and 100 volts. Suppose the resistance- and reactance-E. M. F.'s given 
are 2 per cent and 7 per cent respectively. Then the corresponding 
voltages when the transformer delivers full-load current, are 2 and 7 
volts or 20 and 70 volts according as the line whose drop is required 
is connected to the low-voltage or high-voltage terminals. These 
values, 2 — 7 and 20 — 70, hold, no matter at what voltage the trans- 



*When the required values cannot be obtained from the makers, they may be 
measured. Measure the resistance of both coils. If the line to be calculated is attached 
to the high-voltage terminals of the transformer, the equivalent resistance is that of the 
high-voltage coil, pitta the resistance obtained by increasing in the square of the ratio of 
transformation the measured resistance of the low- voltage coil That is. if the ratio of 
transformation is 10. the equivalent resistance referred to the high-voltage circuit is 
the resistance of the high- voltage coil, plus 100 times that of the low- voltage coil. This 
equivalent resistance multiplied by the high-voltage ciu'rent gives the transformer 
resistance-volts referred to the high-voltage circuit. Similarly, the equivalent resist- 
ance referred to the low-voltage circuit is the resistance of the low-voltage coil, plv^ that 
of the high-voltage coil reduced in the square of the ratio of transformation. It follows. 
of course, from this, that the values of the resistance- volts referred to the two circuits 
bear to each other the ratio of transformation. To obtain the reactance- volts, short- 
circuit one coil of the transformer and measure the voltage necessary to force through 
the other coil its normal current at normal frequency. The result is. nearly enough. 
the reactance- volts. It makes no difference which coil is short-circuited, as the results 
obtained in one case will bear to those in the other the ratio of transformation. If a 
close value is desired, subtract from the square of the voltage reading the square of the 
rMMtonee-volts. and take the square root of the difference as the reactance- volts. 
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former is operated, since they depend only upon the strength of cur- 
rent, providing it is of the normal frequency. If any other than the 
full-load current is drawn from the transformer, the reactance- and 
resistance-volts will be such a proportion of the values given above 
as the current flowing is of the full-load current. It may be noted, in 
passing, that when the resistance- and reactance-volts of a trans- 
former are known, its regulation may be determined by making use 
of the chart in the same way as for a line having resistance and 
reactance. 

As an illustration of the method of calculating the drop in a 
line and transformer, and also of the use of table and chart in calculat- 
ing low-voltage mains, the following example is given : 

Problem. A single-phase induction motor is to be supplied with 20 am- 
peres at 200 volts; alternations, 7,200 per minute; power factor, .78. The 
distance from transformer to motor is 150 feet, and the line is No. 5 wire, 6 
inches between centers of conductors. The transformer reduces in the ratio 

o 000 
* 9 has a capacity of 25 amperes at 200 volts, and, when delivering this 

current and voltage, its resistance-E. M. F. is 2.5 per cent, its reactance- 
E. M. F. 5 per cent. Find the drop. 

The reactance of 1,000 feet of circuit consisting of two No. 5 

wires, 6 inches apart, is .204. The reactance-volts therefore are 

1 "lO 
.204 X r^ X 20 = .61 volts. 
1 ,OUu 

The resistance-volts are 

.627 X ~~ X 20 = 1.88 volts. 

1 ,UUU 

At 25 amperes, the resistance-volts of the transformer are 2.5 per 

20 
cent of 200, or 5 volts. At 20 amperes, they are — of this, or 4 volts. 

Similarly, the transformer reactance-volts at 25 amperes are 10, 
and at 20 amperes are 8 volts. The combined reactance-volts of 
transformer and line are 8 + .61 = 8.61, which is 4.3 per cent of 
the 200 volts to be delivered. The combined resistance-volts are 1 .88 
+4, or 5.88, which is 2.94 per cent of the E. M. F. to be delivered. 
Combining these quantities on the chart with a power factor of .78, 
the drop is 5 per cent of the delivered E. M. F., 

or -,- ^ = 4.8 per cent 
lOo 

of the impressed E. M. F. The transformer must be supplied with 
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^ = 2,100 volts, 

in order that 200 volts shall be delivered to the motor. 

Table X (page 47) is made out for 7,200 alternations, but will 

answer for any other number if the values for reactance be changed 

in direct proportion to the change in alternations. For instance, 

16 000 
for 16,000 alternations, multiply the reactances given by ^ ■^» 

For other distances between centers of conductors, interpolate the 
values given in the table. As the reactance values for different sizes 
of wire change by a constant amount, the table can, if desired, be 
readily extended for larger or smaller conductors. 

The table is based on the assumption of sine currents and 
E. M. F.'s. The best practice of to-day produces machines which 
so closely approximate this condition that results obtained by the 
above methods are well within the limits of practical requirements. 

Polyphase Circuits. So far, single-phase circuits only have 
been dealt with. A simple extension of the methods given above 
adapts them to the calculation of polyphase circuits. A four-wire 
quarter-phase (two-phase) transmission may, so far as loss and regula- 
tion are concerned, be replaced by two single-phase circuits identical 
(as to size of wire, distance between wires, current, and E. M. F.) 
with the two circuits of the quarter-phase transmission, provided that 
in both cases there is no inductive interaction l)etween circuits. There- 
fore, to calculate a four-wire, quarter-phase transmission, compute 
the single-phase circuit required to transmit one-half the power at 
the same voltage. The quarter-phase transmission will require two 
such circuits. 

A three-wire, three-phase transmission, of which the conductors 
are symmetrically related, may, so far as loss and regulation are 
concerned, be replaced by two single-phase circuits having no in- 
ductive interaction, and identical with the three-phase line as to 
size, wire, and distance between wires. Therefore, to calculate a 
three-phase transmission, calculate a single-phase circuit to cany 
one-half the load at the same voltage. The three-phase transmis- 
sion will require three wires of the size and distance between centers 
as obtained for the single-phase. 

-dL three-wire, two-phase transmission may be calculated 
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exactly as regards loss, and approadmately as regards drop, in the 
same way as for three-phase. It is possible to exactly calculate, 
the drop, but this involves a more complicated method than the 
approximate one. The error by this approximate method is gen- 
erally small. It is possible, also, to get a somewhat less drop and 
loss with the same copper by proportioning the cross-section of 
the middle and outside wires of a three-wire, quarter-phase circuit 
to Ihe currents they carry, instead of using three wires of the same 
size. The advantage, of course, is not great, and it will not be con- 
sidered here. 

WIRING AN OFFICE BUILDING 

The building selected as a typical sample of a wiring installation 
is that of an office building located in Washington, D. C. The figures 
shown are reproductions of the plans actually used in installing the 
work. 

The building consists of a basement and ten stories. It is of 
fireproof construction, having steel beams with terra-cotta flat arches. 
The main walls are of brick and the partition walls of terra-cotta 
blocks, finished with plaster. There is a space of approximately five 
inches between the top of the iron beams and the top of the finished 
floor, of which space about three inches was available for running 
the electric conduits. The flooring is of wood in the offices, but of 
concrete, mosaic, or tile in the basement, halls, toilet-rooms, 
etc. 

The electric current supply is derived from the mains of the local 
illuminating company, the mains being brought into the front of the 
building and extending to a switchboard located near the center of the 
basement. 

* 

As the building is a very substantial fireproof structure, the only 
method of wiring considered was that in which the circuits would be 
installed in iron conduits. 

Electric Current Supply. The electric current s apply is direct 
current, two-wire for power, and three-wire for lighting, having a 
potential of 230 volts between the outside conductors, and 118 voltt 
between the neutral and either outside conductor. 
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Switchboard. On the switchboard in the basement are mounted 
wattmeters, provided by the local electric company, and the various 
switches required for the control and operation of the lighting and 
power feeders. There are a total of ten triple-pole switches for light- 
ing, and eighteen for power. An indicating voltmeter and ampere 
meter are also placed in the switchboard. A voltmeter is provided 
with a double-throw switch, and so arranged as to measure the poten- 
tial across the two outside conductors, or between the neutral con- 
ductor and either of the outside conductors. The ampere meter is 
arranged with two shunts, one being placed in each outside leg; the 
shunts are connected with a double-pole, double-throw switch, so 
that the ampere meter can be connected to either shunt and thus 
measure the current supplied on each side of the system. 

Character of Load. The building is occupied partly as a news- 
paper office, and there are several large presses in addition to the usual 
linotype machines, trimmers, shavers, cutters, saws, etc. There are 
also electrically-driven exhaust fans, house pumps, air-compressors, 
etc. The upper portion of the building is almost entirely devoted 
to offices rented to outside parties. The total number of motors 
supplied was 55; and the total number of outlets, 1,100, supplying 
2,400 incandescent lamps and 4 arc lamps. 

Feeders and Mains. The arrangement of the various feeders 
and mains, the cut-out centers, mains, etc., which they supply, are 
shown diagrammatically in Fig. 41, which also gives in schedule the 
sizes of feeders, mains, and motor circuits, and the data relating to the 
cut-out panels. 

Although the current supply was to be taken from an outside 
source, yet, inasmuch as there was a probability of a plant being in- 
stalled in the building itself at some future time, the three-wire system 
of feeders and mains was designed, with a neutral conductor equal 
to the combined capacity of the two outside conductors, so that 
120-volt two-wire generators could be utilized without any change in 
the feeders. 

Basement. The plan of the basement, Fig. 42, shows the branch 
circuit wiring for the outlets in the basement, and the location of the 
main switchboard. It also shows the trunk cables for the inter- 
connection system serving to provide the necessary wires for telephones. 
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tickers, messenger calls, etc., in all the rooms throughout the building, 
as will be described later. 

To avoid confusion, the feeders were not shown on the basement 
plan, but were described in detail in the specification, and installed 
in accordance with directions issued at the time of installation. The 
electric current supply enters the building at the front, and a service 
switch and cut-out are placed on the front wall. From this point, a 
two-wire feeder for power and a three-wire feeder for lighting, are 
run to the main switchboard located near the center of the basement. 
Owing to the size of the conduits required for these supply feeders, as 
well as the main feeders extending to the upper floors of the building, 
the said conduits are run exposed on substantial hangers suspended 
from the basement ceiling. 

First Floor. The rear portion of the building from the basement 
through the first floor. Fig. 43, and including the mezzanine floor, 
between the first and second floors, at the rear portion of the building 
only, is utilized as a press room for several large and hea\'y, modern 
newspaper presses. The motors and controllers for these presses are 
located on the first floor. A separate feeder for each of these press 
motors is run directly from the main switchboard to the motor con- 
troller in each case. Empty conduits were provided, extending from 
the controllers to the motor in each case, intended for the various 
control wires installed by the contractor for the press equipments. 

One-half of the front portion of the first floor is utilized as a news- 
paper office; the remaining half, as a bank. 

Second Floor. The rear portion of the second floor, Fig. 44, is 
occupied as a composing and linotype room, and is illuminated chiefly 
by means of drop-cords from outlets located over the linotype machines 
and over the compositors* cases. Separate J-horse-power motors 
are provided for each linotype machine, the circuits for the same being 
run underneath the floor. 

Upper Floors. A typical plan (Fig. 45) is shown of the upper 
floors, as they are similar in all respects with the exception of certain 
changes in partitions, which are not material for the purpose of illus- 
tration or for practical example. The circuit work is sufficiently 
intelligible from the plan to require no further explanation. 

Interconnection System. Fig. 46 is a diagram of the intercon- 
nection system, showing the main interconnection box located in the 
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basement; adjoining this main box is located the terminal box of the 
local telephone company. A separate system of feeders is provided 
for the ticker system, as these conductors require somewhat heavier 
insulation, and it was thought inadvisable to place them in the same 
conduits with the telephone wires, owing to the higher potential of 
ticker circuits. A separate interconnection cable runs to each floor, 
for telephone and messenger call purposes; and a central box is placed 
near the rising point at each floor, from which run subsidiary cables 
to several points symmetrically located on the various floors. From 
these subsidiary boxes, wires can be run to the various oflBces requiring 
telephone or other service. Small pipes are provided to serve as race- 
ways from oflBce to oflBce, so as to avoid cutting partitions. In this 
way, wires can be quickly provided for any oflBce in the building with- 
out damaging the building in any way whatever; and, as provision is 
made for a special wooden moulding near the ceiling to accommodate 
these wires, they can be run around the room without disfiguring the 
walls. All th^ main cables and subsidiary wires are connected with 
special interconnection blocks numbered serially; and a schedule is 
provided in the main interconnection box in the basement, which 
enables any wire originating thereat, to be readily and conveniently 
traced throughout the building. All the main cables and subsidiary 
cables are run in iron conduits. 

OUTLET-BOXES, CUT-OUT PANELS, AND 

OTHER ACCESSORIES 

Outlet-Boxes. Before the introduction of iron conduits, outlet- 
boxes were considered unnecessary, and with a few exceptions were 
not used, the conduits being brought to the outlet and cut off after the 
walls and ceilings were plastered. With the introduction of iron con- 
duits, however, the necessity for outlet-boxes was realized; and the 
Rules of the Fire Underwriters were modified so as to require their use. 
The Rules of the National Electric Code now require outlet-boxes to 
be used with rigid iron and flexible steel conduits, and with armored 

cables. A portion of the rule requiring their use is as follows : 

All interior conduits and armored cables "must be equipped at every 
outlet with an approved outlet-box or plate. 

"Outlet-plates must not be used where it is practicable to install outlet- 
boxes. 
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"In buildings already constructed, where the conditions are such that 
neither outlet-box nor plate can be inatBlled, these applianceamay be omitte<f 
by special permJBaion ot the inspection department having jurisdiction, pro 
viding the conduit ends are buslied and secured," 

Fig. 47 shows a typical form of oiitlet-box for bracket or ceiling 
outlets of the vniversal type. IMien it is desired to make an opening 
for the conduits, a blow from a hammer 
\ will remove any of the weakened portion 
I of the wall of the outlet-box, as may be re- 
I quired. This form of outlet-box is fre- 
quently referred to as the knoek-ovi type. 
Other forms of outlet-boxes are made with 
the openings cast in the box at the re- 
quired points, this class being usually 
stronger and better made than the univer- 
sal tj-pe. The advantages of the universal 
type of outlet-box are that one form of box will serve for any ordinary 
conditions, the openings being made according to the number of 
conduits and the directions in which they enter the box. 

Fig. 48 shows a waterproof form of outlet-box used out of doors, 
or in other places where the conditions require the use of a water- 
tight and waterproof outlet-box. 

It will be seen in tliis case, that the box is threaded for the con- 





duits, and that the cover is screwed on tightly and a flange provided 
for a rubber gasket. 
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Figs. 49 and 50 show water-tight Soor boxes which are for outlets 
located in the floor. While the rules do not require that the floor outlet- 
box shall be water-tight, it is strongly recommended that a water- 
tight outlet be used in all cases for floor connections. In this case 
also, the conduit opening is threaded, as well as the stem cover through 
which the extension is made in the conduit to the desk or table. When 
the floor outlet connection is not required, the stem cover may be 
removed and a flat, blank cover be used to replace the same. 

A form of outlet-box used for flexible steel cables and steel ar- 
mored cable, has already been shown (see Fig. 5). 

There is hardly any limit to the number and variety of makes of 
outlet-boxes on the market, adapted for ordinary and for special con- 
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ditions; but the types illustrated in these pages are characteristic and 
^ical forms. 

Bushings. The Rvles of the National Electric Code require that 
conduits entering junction-boxes, outlet-boxes, or cut-out cabinets-, 
shall be provided with approved bushings, fitted to protect the wire 
from abrasion. 

Fig. 51 shows a typical form of conduit bushing. This bushing 
is screwed on the end of the conduit after the latter has been intro- 
duced into the outlet-box, cut-out cabinet, etc., thereby forming an 
insulated orifice to protect the wire at the point where it leaves the 
conduits, and to prevent abrasion, grounds, short circuits, etc. A 
lock-nut (Fig. 52) is screwed on the threaded end of the conduit before 
the conduit is placed in the outlet-box or cut-out cabinet, and this 
bck-nut and bushing clamp the conduit securely in position. Fig. 
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53 shows a terminal hushing for panel-lxixes used for flexible steel 
conduit or arnior«l c-able. 

The Rvlea of the National Electric Code rwjuire that the metal 
of conduits shall lie permanently and effectually grounded, so as to 

insure a positive 
connection for 
I grounds or leak- 
ing currents, and 
I in order to pro- 
^ vide a path of 
least resistance 
to prevent the 
current from 
finding a path 
; which might cause a fire. At outlet-boxes, the 
conduits and gaspipes must he fastened in such a manner as to 
insure good electrical connection; and at centers of distribution, 
the conduits should lie joined by suitable bond 
wires, preferably of copper, the said bond wires 
' being connected to the metal structure of the 
building, or, in case of a building not having 
an iron or steel structure, being grounded in a 
pennanent manner to water or gas piping. 
Fuse-Boxes, Cut-Out Panels, etc. From the very outset, the 
necessity was apparent of having a protective device in cireuit with 
the conductor to protect it from overload, short circuits, etc. For 
this purpose, a fusible 
metal having a low 
melting point was em- 
ployed . The form of 
this fuse has varied 
greatly. Fig, 54 shows 
a characteristic form 
of what is known as 

the link fuse with copper terminals, on which are stamped the ca- 
pacity of the fuse. 

The form of fuse used probably to a greater extent than any other, 
although it is now being superseded by other more modem forms, 
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13 that known as the EdUon ^use-plug, shown in Fig. 55. A porcelain 
fid-out block used with the Edison fuse is shown in Fig. 56. 

Within the last four or five years, a new fomi of fuse, known as 
the encloned fwie, lias tieen introduceil and used to a t-onsSderable 
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extent. A fuse of this type is shown in Fig, 57. Fig. 5S gives a sec- 
tional view of this fuse, showing the porous filling surrounding the 
fuse-strips, and also the device for indicating when tlie fuse lias 
blown. This form of fuse is made with various kinds of terminals; 
it can be used with spring clips in small 
sizes, and with a post screw contact in 
larf^r sizes. For ordinary low potentials 
tills fuse is desirable for currents up to 
mperes; but it is a debatable ques- 
tion whether it is desirable to use an en- 
closed fuse for heavier currents. Fig. 59 
shows a cvl-out box with Edison plug 
fuae-blocks used with knob and tube wiring. It will be seen that 
there is no connection compartment in this fuse-box, as the circuits 
enter directly opposite the terminals with which they connect. 

Fig. 60 shows t 
installed in a cab- 
inet having a con- 
nection compart- 
ment. As will be 
.seen from the cut, 
the tablet itself is 
surrounded on the 
four sides by slate, 

which is secured in the comers by angle-irons. The outer box may 
be of wood lined with sheet iiod, or it may be of iron. Fig. 61 
shows a door and trim for a cabinet of this type. It will be seen that 
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the door opens only on the center panel, and that the trim covers and 
conceals the connection compartment. The inner side of the door 
should l>e lined with slate, and the inner side of the trim should be 
Im«i with sheet imn. Fig. 62 shows a sectional view of the cabinet 
and panel. In this type of cabinet, the conduits may enter at any 
^ point, the wires being 

run to the proper con- 
nectors in tlie connection 
compartment, 

I'igs, 63 and 64 illus- 
Initc a type of panel- 
ii'iard and cabinet hav- 
iiii; a push-button switch 
rntiiiected with each 
liHiiich circuit and so 
arranged that the cut- 
out panel itself may be 
enclose*! by locked doors, 
and access to the switches 
may be obtained through 
two separate doors pro- 
vided with latches only. 
This type of panel was arranged and designed by the author of this 
instruction paper. 

OVERHEAD LINEWORK 

The advantages of overhead linework as compared with under- 
ground linework are that it is much less expensii'e; it is more readily 
and more quickly installed ; and it can be more readily inspected and 
repaired. 

Its principal disadvantages are that it is not so permanent as 
underground linework; it is more easily deranged; and it is more 
un^htly. 

For large cities, and in congested districts, overhead linework 
should not be used. Howev'cr, the question of first cost, the question 
of permanence, and the municipal regulations, are usually the factors 
which determine whether overhead or underground linework shall 
be used. 
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The principal factors to be considered in overhead Unework will 
be briefly outlined. 

Placing of Poles. As a general rule, the j»lea sliould be set from 
100 to 125 feet apart, whicli is equivalent to 53 to 42 poles per mile. 
Under certain conditions, these spacings given will have to be modified ; 
but if the poles are spaced too far apart, there is danger of too great 
a strain on the poles themselves, and on the cross-arms, pina, and 
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conductors. If, on the other hi 
they are placed loo close logeth 
the cost is imneces-sarily increased. 
The size and number of conduct- 
ors, and the potential of the line- pig. oa 
work, determine to a great extent 

the distance between the poles; the smaller the size, the less the num- 
ber of conductors; and the lower the potential, the greater the distance 
between the poles may be ma<[e. Of course, the exact location of 
the poles is subject to variation because of trees, buildings, or other 
obstructions. The usual method employed in locating poles, is first 
to make a map on a. fairly large scale, showing the course of the line- 
work, and then to locate the poles on the ground according to the actual 
condidoQS. 
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Poles. Poles should be of selected quality of chestnut or cedar, 
and should be snund and free from cracks, knots, or other flaws. 
Experience has proven that chestnut and cedar poles are the most 
durable and best fitted for linework. If neither chestnut nor cedar 
poles can be obtained, northern pine may be used, and even other 
timber in localities where these [wles cannot l)e obtained; but it is 
found that the ullier woods do not last so long as those meutiuued. 
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and some of the other woods are not only less strong initially, but are 
apt to rut much quicker at the "wind and water line" — that is, just 
above and l^elow the surface of the ground. 

The proper height of pole to be used depends upon conditions. 
In country and suburban districts, a pole of 25 to 30 feet is usually 
of sufficient height, unless there are more than two or three cross-arms 
required. In more densely populated districts and in cities where a 
great number of cross-amis are required, the poles may have to be 
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40 to 60 feet, or even longer. Of course, the longer the pole, the 
greater the possibility of its breaking or bending; and as the length 
increases, the diameter of the butt end of pole should also increase. 
Table XI gives the average diameters required for various heights of 
poles, and the depth the poles should be placed in the ground. These 
data have been compiled from a number of standard specifications. 

TABLE XI 
Pole Data 





Diameter 6 In 




Depth Polk bhould 


LsNOTR or Poi.K 


Diameter at Top 


BE Placed in 


■ 


rnoM Butt 




Ground 


25 feet 


9 to 10 in. 


6 to 8 in. 


5 feet 


30 " 


11 " 




5J - 


35 " 


12 " 


** / 


51 '* 


40 " 


13 " 




6 " 


45 " 


14 " 




61 - 


60 " 


15 " 




7 '• 


65 " 


16 to 17 " 




7J " 


60 " 


18 " 




7i " 


05 " 


19 " 




8 *• 


70 " 


20 " 




8 " 


75 " 


21 " 




81 " 


80 " 


22 " 




9 " 



As U Is somewhat dUncult, because of irreinilarities in size, to measure the diame- 
ter of some poles, the circumference may be measured instead: then, by multiplying 
the diameters given in the above table, by 3.1416, the measurements may be reduced 
to the drcomference in inches. 

The minimum diameters of the pole at the top, which should be 
allowed, will depend largely on the size of the conductors used, and 
on the potential carried by the circuits; the larger the conductors 
and the higher the potentials, the greater should be the diameter at 
the top of the pole. 

Poles should be shaved, housed, and gained, also cleaned and 
ready for painting, before erection. 

Poles should usually be painted, not only for the sake of appear- 
ance, but also in order to preser\'e them from the weather. It is par- 
ticularly important that they should be protected at their butt end, not 
only where they are surrounded by the ground, but for a foot or two 
above the ground, as it is at this point that poles usually deteriorate 
most rapidly. Painting is not so satisfactory at this point as the use 
of tar, pitch, or creosote. The life of the pole can he increased con- 
siderably by treating it with one or another of these preser\'atives. 
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Before any poles are erecteti, they should be closely inspected for 
flaws and for crookedness or too great departure from u straight line. 
Where appearance is of considerable importance, octagonal poles 
may be used, although these cost considerably more than round poles. 
Gains or notches for the cross-arms should be cut in the poles before 
they are erected, and should be cut square with the axis of the pole, 
and so that the cross-arms will lit snugly and tightly within the space 
thus provided. These gains should be not less than 41 inches wide, 




. Cut-Out Panel 



nor less than \ inch deep. Gains should not l)e placed closer than 24 
inches between centers, and the top gains should be at least 9 inches 
from the apex of the pole. 

Pole Guying. \^ here poles are subject to peculiar strains due 
to unusual stress of the wires, such as at comers, etc., guys should be 
employed to counteract the strain and to prevent the pole from being 
tient and finally broken, or from being pulled from its proper position. 
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In wiring for electric bells to be operated by batteries, the 
danger of caasing fires from short circuits or poor contacts does 
not exist as in the case of wiring for light and power, because the 
current strength is so small. Neither is the bell-fitter responsible 
to eity inspectors or* fire underwriters. On this account, bell 
fitting is too often done in a careless and slovenly manner, caus- 
ing the apparatus to give unsatisfactory results and to require 
frequent repairs, so that the expense and inconvenience in the end 
far more than offset any time saved by doing an inferior grade of 
work. Hence, at the outset it is well to state that as much care 
should be taken in the matter of joints and insulation of bell 
wiring as in wiring for light or power. 

If properly installed, the electric bell forms a reliable and yet 
inexpensive means of signaling, and is far superior to any other. 
On this account pra^ically every new building is fitted through- 
out with electric bells. 

In addition to the necessity of thoroughness already men- 
tioned, care should be taken to use only reliable apparatus which 
must be installed in accordance with the fundamental principles 
on which its satisfactory operation depends. 

WIRE. 

The common sizes of wire in use for bell worj: are Nos. 
18, 20, and 22. In general, however. No. 20 will be ound satis- 
factory as it is usually suflBciently large, while in many cases No. 
22 is not strong enough from a mechanical standpoint. 

It is important that the wires should be well insulated to pre- 



Fig. 1. 

vent accidental contacts with the staples or other wires. First of 
all the wire should be tinned, as this prevents the copper from 
being acted upon by ^he sulphur in the insulation. It also facil- 
itates soldering. The inner coating of insulation should be of 
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india rubber, snrroanded by several longitudinal strands of cotton, 
outside of which are wound several strands of colored cotton laid 
on spirally. This is next immersed in melted^paraffin wax and 
polished by friction. A short length of approved electric bell wire 
is shown in Fig. 1. 

When ordering wire, it is well to have it furnished in several 
different colors as this greatly facilitates both the original instal- 
lation and later repairs, because in this way one line may be dis- 
tinguished from another, taps from main lines, etc. Moreover, a 
faulty wire having been found, it is possible to identify it at any 
desired section of its length. 

METHODS OF WIRING. 

In running wires, the shortest and most direct route should, 
of course, be taken between the battery, bells, and bell pushes. 
There are two cases to be considered. The better method is that 
in which the wires are run before the building is completed, and 
the wiring should be done as soon as the roof is on and the walls 
are up. In this case the wires are usually run in zinc tubes 
secured to the walls with naih. The tubes should be from | inch 

to ^ inch in diameter, preferably 
the latter. It is better to place 
the wires and tubes simultane- 
ously, but the tubes may be put 
in place lirst and the wires drawn 
in afterward, although this latter 
plan has the objection that the insulation is liable to become 
abraded when the wires are drawn in. In joining up two lengths 
of tube, the end of one piece should be opened up with the pliers 
so that it may receive the end of the other tube, which should also 
be opened up, but to a less extent, to prevent wear upon the 
insulation. Specially prepared paper tubes are sometimes substi- 
tuted for the zinc. 

If the building is completed before the wiring is done, the 
concealed method described above cannot be used, and it is neces- 
sary to run the wires along the walls supported by staples, where 
they will be least conspicuous. Fig. 2 shows ordinary double- 
pointed tacks. Fig. 3 shows an insulating saddle staple which 
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IB to be recommeDded. Two wires should never be secured uuder 
the Bsme staple if it can possibly be avoided, owing to the danger 
of short circuits. With a little 
care it is usually possible to con- 
ceal the wiring behind the picture 
mould ing, along the skirting- board, 
and beside the door posts, but where 
it is impossible to conceal it, a light 
ornamental casing to match the 
finish of the room, may be used. 
It is sometimes advisable to use 
twin wires or two insulated wires run iu the same outer covering. 

In some cases it is well to run the wires under the floors, 
laying them in notches in the tops of the joists or in holes bored 
about two inches below the tops of the joists. 
JOINTS. 

When making a joint, care should be taken to hare a firm, 
clean connection, both mechanically and electrically, and this must 
always be soldered to prevent corrosion. The insulation should 
be stripped off the ends of the wires to be joined, for a dietance of 
aboat 2 inches, and the wires made bright 'by scraping oi sandpa- 



Fig. 4. 

poring. They should then be twisted tightly and evenly together 
as shown in Fig. 4. 

Next comes the operation of soldering, which is absolutely 
necessary if a permanent joint from an electrical standpoint is to 
be obtained. A joint made without solder may be electrically 
sound at first, but its resistaiice rapidly increases, due to deteri- 
oration of the joint. As has already bwn stated, the wires should 
be made bright and clean before they are twisted together. 
Soldering fluids should never be used, because tuey cause corrosion 
of the wire. The best flux to use ia resin or composite candle. 
The soldering should always be done with a copper bit rather than 
with a blowpipe or wireman's torch. 
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A coDvenient form of soldering tool consists of a small copper 
bit having a semicircular notch near the ertd. This bit should, of 
course, be well tinned. It is then heated over a spirit lamp, or 
wireman's torch, and the notch filled with soft solder. Lay the 
joint, which has, previously been treated with the flux, in this 
notch and turn it so that the solder runs completely around among 
the spirals of the joint. The loose solder should be shaken off or 
removed with a bit of rag. When the joint is set, it should be 
insulated with rubber tape, so that it will be protected as perfectly 
as the other portions. 

It is often possible to save a considerable length of wire and 
amount of labor by using a ground return, which, if properly 
arranged, will give very satisfactory results, although a complete 
metallic circuit is always to be preferred. Where water or gas 

mains are available, a good ground may be ob- 
tained by connecting to them, being sure to 
have a good connection. This may be se- 
cured by scraping a portion of the pipe 
perfectly bright and clean and then winding 
this with bare wire; the whole is then well 
soldered. An end should be left to which 
the wire from the bell circuit is twisted and 

OJl / soldered. If such mains are not available, 

1/ ^ good ground can be obtained by connecting 

^ the wire from the bell circuit, as described 

above, to a pump pipe. In the absence of 
water and gas mains, and of a pump pipe, 
a ground may be obtained by burying beneath 
permanent moisture level a sheet of copper 
or lead, having at least five square feet of surface, to which the 
return wire is connected. The ground plate should be covered 
with coke nearly to the surface; the hole should then be filled in 
with ordinary soil well rammed. 

OUTFIT. 

The three essential ])arts of the electric bell outfit are the bell 
push, which furnishes a means of opening end closing the circuit 
at will, the battery, which furnishes the current for operating the 
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bell, and the bell itself. Before discasBiDg tbe combtnatiOQ of 
these piecea of apparatas in the complete circuit, let us take np 
the indiTidnal parts io order. 

A bell push is showa diagrammatically in Fig. 5. Iq this 
illustration F is the push bntton; when 
this is pressed upon it brings the point 
of the spring S in contact with the metal 
strip R, thus closing the circuit with which 
it is connected in series. Normally the 
springs are separated as shown, and the 
circnit is accordingly open. 

Bell pashes are made in various de- 
signs and styles, from the simple wooden 
push shown in Fig. 6 to very elaborate and expensive articles. 
Fig. 7 shows fonr cast bronze pushes of neat appearance and mod. 
erate price. 

Batteries. Electric bells are nearly always operated on the 
open circuit plan, and hence the battery used is generally of the 




Fig. 6. 




Fig. 7. 
open circuit type, such as the Leclanche cell, which is used very 
largely except for heavy work. This is a zinc-carbon cell in which 
the excitant is sal-ammoniac dissolved in water. Polarization is 
prevented by peroxide of manganese, which gives up part of its 
oxygen, combining with the hydrogen set free and forming water. 
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Dry Batteries are also frequently used for bell work, their 
principal advantage being cleanliness, as they cannot spill. Dry 
cells are really a modification of the Leclanche type, as they use 
zinc and carbon plates and sal-ammoniac as the exciting agent. 
The Burnley cell, which is one of the principal types of dry cell, 
has an electrolyte composed of sal-ammoniac, chloride of zinc, 
plaster, flour, and water. This compound when mixed is a semi- 
liquid mass which quickly stiffens after being poured into the cup. 
The depolarizing agent is peroxide of manganese, the same as is 
used in the Leclanche cell, this being packed around the carbon 

cylinder. The top of the cell is sealed 
with bitumen or some similar substance. 
For very heavy work the Edison- 
Lalande and the Fuller types of cell are 
best suited, while for closed circuit work 
the gravity cell is most satisfactory. 

Bell. It is a well-known fact that 
if a current of electricity flows through 
a coil of wire wound on an iron core, 
the core becomes magnetized and is ca- 
pable of attracting any magnetic sub- 
stances to itself. The operation of the 
electric bell, like that of so many other 
pieces of electrical apparatus, depends 
upon this fact. A diagrammatic repre- 
sentation of an electric bell is shown in 
Fig. 8, in which M is an electromagnet 
composed of soft-iron cores on which are wound coils of insulated 
wire. The armature is mounted upon a spring K, and carries a ham- 
mer H at its end for striking the gong. On the back of the armature 
is a spring which makes contact at D with the back stop T. The 
action of the bell is as follows: When the circuit is closed through 
the bell a current flows from terminal 1, around the coils of the 
magnet, through the spring K and contact point D, through the 
back stop T, to terminal 2. In flowing around the electromagnet the 
current magnetizes its core, which consequently attracts the arma- 
ture. This causes the hammer II to strike the gong. While in 
this position the contact at D is broken, the current ceases to flow 




Fig. 8. 



88 



ELECTKIC BELL WIRING 



ftronnd the electromagnet and the cores conseqneDtly lose their 
attractive force. The armature ie then carried back to its original 
position by the spring K, making contact at D, and the process is 
repeated. The hammer will thue vibrate and the bell continue to 
ring as long as the circuit is closed. 

The typ<i of bell described above i( flie one most commonly 
nsed. Snch bells are made in a great variety of shapes and styles, 
the prices varying accordingly. It is important that platinum 
tips be furnished at the contact point D, Fig. 8, to prevent cor- 



^ 





Fig. 9. Fig. 10. 

rosion. The bells on the market today are of two classes, the iron 
box bell and the wooden box bell. A bell of the wooden box type is 
shown in Fig. 9, and a higher grade bell of the iron frame skeleton 
type ie shown in Fig. 10. Bells without covers should never be used, 
as dust will settle on the contacts and interfere with their action. 
CIRCUITS. 
The possible combinations of the various parts into complete 
circnits are sc varied that it would be impossible to describe them 
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all; in fact, almost every one is to a certain extent a special 
problem. It is, however, possible to give typical circuits the 
underlying principles of which can be applied successfully to any 
particular case. 

Fig. 11 shows a bell circuit in its simplest form, in which P 
represents the push, B the bell, and C the battery; all connected ' 
in series. The circuit is normally open at P, and hence no cur- 
rent flows to exhaust the batteries. 
When P is pressed, the circuit, 
otherwise complete, is closed and 
current passes through the bell 
causing it to ring, as already ex- 
plained. For instance, the push 
might be located beside the front 
door, the bell in the kitchen and the 
battery in the cellar; the location depending on the results desired . 
and conditions to be met. The wire between P and C may, if 
necessary, be dispensed with and connection made to ground at G 
and G, as shown by the dotted lines. 

Fig. 12 shows an arrangement by means of which one bell B 
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Fig. 12. Fig. 13. 

may be controlled by either of the pushes P or P'. This system 
may be extended to any number of pushes similarly connected. 

A method for ringing two bells simultaneously from one push 
is shown in Fig. 13, w^here both bells B and B' will ring from push 
P. Bells, if connected in this manner, should have as nearly as 
possible the same resistance, otherwise the bell of lower resistance 
will take so much current that there will not be a sufficient amount 
left for the other. Also, the batteries must be of greater current 
capacity as the amount of current taken is, of course, doubled. This 
system can be extended to any number of bells connected in th.is 
way, up to the limit of capacity of the battery to ring them. Figs. 
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12 and 13 may be combiDed so that two or more bells may be 
rung from any one of two or more pnshee. 

In Fig. 14 is shown a scheme for ringing either bell, B or B", 
from one pDsh and one battery by means of the two-point switch 




Pig. 14. 



S. When the arm of the switch is ou contact 1, the push will 
ring bell B, and when on contact 2 it will ring bell B'. 

In Fig. 15 is shown a method of connecting bells in series bo 
that B and B" may be rung from P. If all the bells so connected 
were of the vibrating type, they wonld not work satisfactorily, as 
it would be impossible to time them so that the vibrations would 
keep step, hence only one bell should 
be of the vibrating type, and the others 
should have the circuit breakers short- 
circuited, the vibrating bell serving as 
interrupter for the whole series. Obvi- 
ously this system requires a higher volt 




Fig. 15. 



age than parallel connection, and the 
cells must be of sufficient K.M.F. to 
ring the bells satisfactorily. Several 
bells may be connected in this way. if 
desired, up to the limit of voltage of the 
battery. 

Oftentimes a bell is to 




Fig. iti. 
rung from several different places. 
For instance, the hell in an eVvator may be rung from any one of 
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several floors, or the bell in the oflSce of a hotel may be rung from 
any one of several different rooms. In this case it is necessary to 
have some device to indicate from which push the bell was rung. 
The annunciator furnishes this infonnj\tion very well. A three- 
station annunciator is shown in Fig. 10. The connections for an 
nnnunciator are shown in Fig. 17 where <V represents the anun 
riator, 13 the bell, C thj battery, and P', P^ and P' the pushes, 
lor instance, when P* is pressed, the current passes through the 
electromagnet controlling point 1 on the annunciator which causes 
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Fig. 17. 

the arrow to be turned and at the same time the bell rings. After 
the attendant has noted the signal, the arrow is restored to its 
no nial position by pressing a lever on the bottom of the annun- 
ciator box. 

The electric burglar alarm furnishes a very efficient protec- 
tion and is an application of the principles already described. The 
circuit, instead of beiiig completed by a push, is completed by 
contacts placed on the doors or windows so that the opening of 
either will cause the bell to ring. The same device may be used 
on money-drawers, safes, etc. 

In the case of the electric fire alarm, the signal may be given 
either automatically when the temperature reaches a certain degree, 
or pushes may be placed in convenient locations to be operated 
manually. The pushes should be protected by glass so that they 
will not be tampered with, it being necessary to break the glass 
to give the alarm. 
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HISTORY AND DEVELOPMENT 

The history of electric lighting as a commercial proposition begins 
with the invention of the Gramme dynamo, by Z. J. Gramme, in 
1870, together with tlie introduction of the Jablochkoff candle or 
light, which was first announced to the public in 1876, and which 
formed a feature of the International Exposition at Paris in 1878. 
Up to this time, the electric light was known to but few investigators, 
one of the earliest being Sir Humphrey Davy who, in 1810, produced 
the first arc of any great magnitude. It was then called the voltaic 
arc, and resulted from the use of two wood charcoal pencils as elec- 
trodes and a powerful battery of voltaic cells as a source of current. 

From 1840 to 1859, many patents were taken out on arc lamps, 
most of them operated by clockwork, but these were not successful, 
due chiefly to the lack of a suitable source of current, since all de- 
pended on primary cells for their power. The interest in this form 
of light died down about 1859, and nothing further was attempted 
until the advent of the Gramme dvnamo. 

The incandescent lamp was but a piece of lalx)ratory apparatus 
up to 1878, at which time Edison produced a lamp using a platinum 
spiral in a vacuum, as a source of light, the platinum being rendered 
incandescent by the passage of an electric current through it. The 
first successful carbon filament was made in 1879, this filament iK'ing 
formed from strips of bamboo. The names of Edison and Swan are 
intimately connected with these early experiments. 

From this time on, the dev<»l()pineiit of electric lighting has l)een 
very rapid, and the consumption of incandescent lamps alone has 
reached several millions each year. AVhen we compare the small 
amount of lighting done by means of el<M'tricity twenty-five years ago 
with the enormous extent of lighting systems and the numerous 
applications of electric illumination as they are to-day, the growth 
and development of the art is seen to be very great, and the value of 
a study of this sul)ject may be readily appreciated. While in many 

Copyriyht, I9(nt, by Afn^rican School of Correspondence, 
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cases electricity is not the cheapest source of power for illumination, 
its admirable qualities and convenience of operation make it by far 
the most desirable. 

CLASSIFICATION 

The subject of electric lighting may be classified as follows: 

1. The type of lamps used. 

2. The methods of dbtributing power to the lamps. 

3. The use made of the light, or its application. 

4. Photometry and lamp testing. 

The types of lamps used may be subdivided into: 

1. Incandescent lamps: Carbon, metallic filament, Nernst. 

2. Special lamps: Exhausted bulb without filament, such as the Cooper- 
Hewitt lamp and Moore tube lamp. 

3. Arc lamps: Ordinary carbon, flaming arc. 

INCANDESCENT LAMPS 

The incandescent lamp is by far the most common type of lamp 
used, and the principle of its operation is as follows: 

If a current I is sent through a conductor whose resistance is 
R, for a time t, the conductor is heated, and the heat generated = 
PR t, PR t representing joules or watt-seconds. 

If the current, material, and conditions are so chosen that the 
substance may be heated in this way until it gives out light, becomes 
incandescent, and does not deteriorate too rapidly, we have an in- 
candescent lamp. Carbon was the first successful material to be 
chosen for this conductor and for ordinary lamps it is formed into a 
small thread or filament. Very recently metallic filament lamps 
have been introduced commercially with great success but the carbon 
incandescent lamp will continue to l)e used for some time, especially 
in the low candle-power units operated at commercial voltages. Car- 
bon is a successful material for two reasons: 

1. The material must be capable of standing a very high tem- 
perature, 1,280° to 1,330° C, or even higher. 

2. It must be a conductor of electricity with a fairly high re- 
sisUmce. 

Platinum was used in an early stage of the development, but, 
as we shall see, its temperature cannot be maintained at a value high 
enough to make the lamp as efiicient as when carbon, or a metal 
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having a melting point higher than that of platinum, is used. Nearly 
all attempts to substitute another substance in place of carbon have 
failed until recently, and the few lamps which are entirely or partially 
successful will be treated later. The nature of the carbon employed 
in incandescent lamps has, however, been much improved over the 
first forms, and owing to the still very great importance of this lamp, 
the method of manufacture will be considered. 

Manufacture of Carbon Incandescent Lamps. Preparation of 
Ike Filament. Cellulose, a chemical compound rich in carbon, is 
prepared by treating absorbent cotton with zinc chloride in proper 
proportions to form a uniform, gelatine-like mass. It is customary 
to stir this under a partial vacuum in order to remove bubbles of air 
which might be contained in it and destroy its uniformity. This 
material b then forced, "squirted," through steel dies into alcohol, the 




alcohol serving to harden the soft, transparent threads. These threads 
are then thoroughly washed to remove all trace of the zinc chloride, 
dried, cut to the desired lengths, wound on forms, and carbonized by 
heating to a high temperature away from air. During carbonization, 
the cellulose is transformed into pure carbon, the volatile matter being 
driven off by the high temperature to which the filaments are subjected. 
The material becomes hard and stiff, assuming a permanent form, 
shrinking in both length and diameter — the form being specially con- 
structed so as to allow for this shrinkage. The forms are made of 
carbon blocks which are placed in plumbago crucibles and packed 
with powdered carbon. The crucibles, which are covered with 
loosely fitting carbon covers, are gradually brought to a white heat, 
at which temperature the cellulose is changed to curlx>n, and then 
allowed to cool. After cooling, the filaments are removed, measured, 
and inspected, and the few defective ones discarded. 
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In the early days, these filaments were made of cardboard or 
bamboo, and later, of thread treated with sulphuric acid. 

A few of the shapes of filaments now in use are shown in Fig. 1, 
the different shapes giving a slightly different distribution of light. 
As here shown they are designated as follows: A, U-shaped; B, 
single-curl; C, single-curl anchored; D, double-loop; E, double- 
curl; F, double-curl anchored. 

Mounting the FilamenL After carbonization, the filaments 
are mounted or joined to wires leading into the globe or bulb. These 
wires are made of platinum — ^platinum being the only substance, so 
far as known, that expands and contracts the same as glass, with 
change in temperature and which, at the same time, will not be melted 
by the heat developed in the carbon. Since the bulb must remain 
air-tight, a substance expanding at a different rate from the glass 
cannot be used. Several methods of fastening the filament to the 
leading in wires have been used, such as forming a socket in the end 
of the wire, inserting the filament, and then squeezing the socket 
tightiy against the carbon; and the use of tiny bolts when cardboard 
filaments- were used; but the pasted joint is now used almost exclu- 
sively. Finely powdered carbon is mixed with some adhesive com- 
pound, such as molasses, and this mixture is used as a paste for fasten- 
ing the carbon to the platinum. Later, when current is sent through 
the joint, the volatile matter is driven off and only the carbon remains. 
This makes a cheap and, at the same time, a very efficient joint. 

Flashing, Filaments, prepared and mounted in the manner 
just described, are fairly uniform in resistance, but it has been found 
that their quality may be much improved and their resistance very 
closely regulated by depositing a layer of carbon on the outside of the 
filament by the process oi flashing. By flashing is meant heating the 
filament to a high temperature when immersed in a hydrocarbon gas, 
such as gasoline vapor, under partial vacuum. Current is passed 
through the filament in this process to accomplish the heating. Gas 
is used, rather than a liquid, to prevent too heavy a deposit of the 
carbon. Coal gas is not recommended because the carbon, when 
deposited from this, has a dull black appearance. The effects of 
flashing are as follows: 

1. The diameter of the filament is increased by the deposited 
carbon and hence its resistance is decreased. The process must be 
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discontinued when the desired resistance is reached. Any little irregu- 
larities in the Blament will be eliminated since the smaller sections, 
having the greater resistance, will become hotter than the remainder 
of the filament and the carbon is deposited more rapidly at these 
points. 

2. The character of the surface is changed from a dull black 
and comparatively soft nature to a bright gray coating which is much 
harder and which increases the life and efficiency of the filament. 

Exhausting. After flashing, the filament is sealed in the bulb 
and the air exhausted through the tube A in Fig. 2, which shows the 
lamp in different stages of its 
manufacture. The exhaustion 
IS accomplished by means of 
mechanical air pumps, sup- 
plemented by Sprengle or mer- 
cury pumps and chemicals. 
Since the degree of exhaustion 
must be high, the bulb should 
be heated during the process 
so as to drive off any gas which 
may cling to the glass. VATien 
chemicals are used, as is now 
almost universally the case, the 
chemical is placed in the tube 
A and, when heated, ser\'es 
to take up much of the remain- 
ing gas. Exhaustion is neces- 

, , Fig. 2. DilTerBdl Sl^seslu Lamp Maiiutiiclure. 

aary for several reasons : 

1. To avoid oxidization of the filament. 

2. To reduce the heat coiivcycU to the globe. 

3. To prevent wear on the filament Uue to currente or eddies in the gas. 

After exhausting, the tube A is sealed off and the lamp com- 
pleted for testing by attaching the base by means of plaster of Paris. 
Fig. 3 shows some of the forms of completed incandescent lamps. 

Voltage and Candle-Power. Incandescent lamps of the carbon 
type vary in size from the miniature battery and candelabra lamps to 
those of several hundred candle-power, though the latter are very 
seldom used. The more common values for the candle-power are 
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8, 16, 25, 32, and 50, the choice of candle-power depending on the 
use to be made of the lamp. 

The voltage will vary depending on the method of distribution 
of the power. For what is known as parallel distribution, 110 or 
220 volts are generally used. Fop the higher values of the voltage, 
long and slender filaments must be used, if the candle-power is to be 
low; and lamps of less than 16 candle-power for 220-volt circuits are 
not practical, owing to difHculty in manufacture. For series dis- 
tribution, a low voltage and higher current is used, hence the fila- 
ments may be quite heavy. Battery lamps operate on from 4 to 24 
volts, but the vast majority of lamps for general illumination are 
operated at or about 110 volts. 




Fig. 3. Several Forms of Complelnl Ijimps. 

Effkiency. By the efficiency of an incandescent lamp is meant 
the power required at the lamp terminals per candle-power of light 
given. Thus, if a lamp giving an average horizontal candle-power 
of 16 consumes i an ampere at 112 volls, the total number of watts 
consumed will be 112 X ^ = 56, and the watts per candle-power 
will be 56 -^ 16 = 3.5. The efficiency of such a lamp is said to be 
3.5 wafts per candle-power, or .simply watts per candle. Waits 
economy is sometimes used for rjficieiicy. 

The efficiency of a lamp depends on the temperature at which 
the filament is run. In the ordinary lamp this temperature is between 
1,280° and 1,330° C, and the curve in Fig. 4 shows (he increase of 
efficiency with the increase of temperature. The temperature attained 
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by a filament depends on the rate at which heat is radiated and the 
amount of power su^^Ued. The rate of radiation of heat is propor- 
tional to the area of the filament, the elevation in temperature, and 
the emisaivity of the surface. 

By emissivity is meant the number of heat unit^ emitted from 
unit surface per degree rise in temperature above that of surrounding 
bodies. The bright surface of a flashed filament has a lower emis- 
sivity than the dull surface of an unheated filament, hence less 
energy is lost in heat radiation and the efficiency of the filament is 
increased. 

As soon as incandescence is reached, the illumination increases 
much more rapidly than the emission of heat, hence the increase in 



Fig, *. EfBcleocy Curve lor IncandMcent Uuiip. 

efficiency shown in Fig. 4. Were it not for the rapid disintegration 
of the carbon at high temperature, an efficiency higher than 3.1 watts 
could be obtained. 

By a special treatment of the carbon filaments, the nature of the 
carbon b so change<l that the filaments may be run at a higher tem- 
perature and the lamps still have a life comparable to that of the 3.1- 
watt lamp. Lamps using these special carbon filaments are known 
as gem metallized filament lam-ps, or merely as gem lamps, and they 
will be described more fully later. 

Relation of Life to Efficiency. Ordinary Carbon Lamp. By 
the useful life of a lamp is meant the length of time a lamp will burn 
before its candle-power has decreased to such a value that it would 
be more economical to replace the lamp with a new one than to con- 
tinue to use it at its decreased value. A decrease to 80% of the initial 
candle-power of carbon lamps is now taken as the point at which a 
tamp should, be replaced, and the normal life of a lamp is in the 
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neighborhood of 800 hours. To obtain the most economical results, 
such lamps should always be replaced at the end of their useful life. 

In Table I are given values of efficiency and life of a 3.5-watt, 
110-volt carbon lamp for various voltages impressed on tlie lamp. 
These values are plotted in Fig. 5. The curves show that a 3% 
increase of voltage on the lamp reduces the life by one-half, while an 
increase of 6% causes the useful life to fall to one-third its normal 
value. The effect is even greater when 3.1 -watt lamps are used, but 
not so great with 4-watt lamps. From this we see that the regulation 
of the voltage used on the system must be very good if high efficiency 
lamps are to be used, and this regulation will determine the efficiency 
of the lamp to be installed. 

Selection of Lamps. Ordinary Carbon Type, Lamps taking 3.1 

watts per candle-power will give satisfaction only when the regulation 

of voltage is the best — practically a constant voltage maintained at the 

normal voltage of the lamp. 

TABLE I 

Effects of Change in Voltage 

Standard 3. 5- Watt Lamp 



V O'.TAOB 

.Per Cent, of 
Normal 


Candle-Powkr 

Per Cent, of 

Normal 


Watt« Per 
Candle-Powek 


Life PkrCknt. 
OF Normal 


Deterioration 

Per Cent, op 

Normal 


90 


53 


5.36 






91 


56 


5.09 






92 


61 


4.85 






93 


65 


4 . 63 






94 


69 


4.44 


394 


25 


95 


73 


4.26 


310 


32 


96 


7S 


4.09 


247 


44 


97 


83 


3 . 93 


195 


51 


98 


88 


3 . 78 


153 


65 


99 


91 


3.64 


126 


79 


100 


100 


3 . 5 


100 


100 


101 


106 


3.38 


84 


118 


102 


111 


3 . 27 


68 


146 


103 


116 


3 . 1 () 


5S 


173 


104 


123 


3 . 05 


47 


211 


105 


129 


2 95 


39 


253 


106 


137 


2 . S5 


31 


316 


107 


143 


2 . 76 


2() 


380 


108 


152 


2.68 


21 


474 


109 


159 


2.60 


17 


575 


110 


107 


2 53 


K) 


()37 



Lamps of 3.5 watts per candle-powor should hv ii.scd when the 
regulation is fair, say with a inaxinuini variation of 2% from the 
normal voltage. 
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Lamps of 4 watts per candle-power should be installed when the 
nj:i;lation is poor. These values are for 1 10-volt lamps. A 220-volt 
lamp should have a lower efficiency to give a long life. This is on 
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account of the fact that, for the same candle-power, the 220-volt lamp 
must be constructed with a filament which is long and slender com- 
pared to that of the 1 10-volt lump, and if such a filament is run at a 
high temperature its life is short. The 220-volt lamp is used to some 
considerable extent abroad but it is not employed e.Ktensivcly in the 
United States. It b customan.- to operate such tamps at an efficiency 
of about 4 watts per candle-power. 
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Lamps should always be renewed at the end of their useful life, 
this point being termed the amaskinff-point, as it is cheaper to replace 
the lamp than to run it at (he reduced candle-power. Some recom- 
mend running these lamps at a higher voltage, but that meana at s 
reduced life, and it is not good practice to do this. 




Fig. 6 shows the life cun'es of a serios of incandescent lamps. 
These curves show that there is an increase in the candle-power of 
some of the lamps during the first 100 hours, followed by a period 
during which the value is fairly constant, after which the light given 
by the lamp is gradually reduced to about 80% of the initial candle- 
power. 
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Distribution of Liglit. In Fig. 1 are showR various forms of 
filaments used in incandescent lamps, and Figs. 7 and 8 show the dis- 
tribution of light from a single-loop filament of cylindrical cross- 
section. Fig. 7 shows the distribution of light in a horizontal plane, the 
lamp being mounted in a vertical position, and Fig. 8 shows the dis- 




Flg. B. Vertical Distribution Curve (or Single-Loop Filament. 

tribution in a vertical plane. By changing the shape of the filament^ 
the light dbtribution is varied. A mean of the readings taken in 
the horizontal plane forms the TTiean horizontal candle-power, and 
thb candle-power rating is the one generally assumed for the ordinary 
incandescent lamp. A mean of the readings taken in a vertical plane 
gives us the mean vertical candle-power, but this value is of little use. 
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Mean Spherical Candl^Power. When comparing lamps which 
give an entirely different light distribution, the mean horizontal 
candle-power does not form a proper basis for such comparison, and 
the mean spherical or the mean hemispherical candle-power is used 
instead. By mean spherical candle-power is meant a mean value of 
the light taken in all directions. The methods for determining this 
will be taken up under photometry. The mean hemispherical candle- 
power has reference, usually, to the light given out below the horizon- 
tal plane. 

The Qem Metallized Filament Lamp, ^\llen the incandescent 
lamp was first well established commercially, the useful life of a unit, 
when operated at 3.1 watts per candle, was about 200 hours. The 
improvements in the process of manufacture have been continuous 
from that time until now, and the useful life of a lamp operated at 
that efficiency to-day is in the neighborhood of 500 hours. Experi- 
ments in the treatment of the carbon filament have led to the intro- 
duction of the gem metallized filament lamp. This lamp should not 
be confused with the metallic filament lamps, to be described later^ 
because the material used is carbon, not a metal. As a result of 
special treatment the carbon filament assumes many of the character- 
istics of a metallic conductor, hence the term metallized filament. 
The word graphitized has been proposed in place of metallized. 

TABLE II 
* Data on the Oem Metallized Filament Lamp 



Watts 


li 


OHIZONTAL 

c. p. 


Watts peu 
Candlk 


tSPHERICAL 

Reduction 
Factor 


$ Useful 
Life 




10 




16 


9 r. 


.816 


450 hrs. 




50 




20 


2.5 


.825 


450 






80 




32 


2.5 


.816 


450 






100 




40 


2.5 


t 


460 






125 




50 


2.5 


t 


450 






1C7.5 




75 


2.5 


t 


450 






250 




K)0 


2.5 


i 


450 







♦ These lamps are normally rated at three volt ages, 114, 112, and 110 volts, but 
data referring to the IilRhest voltage only are given. 

t By spherical reduction factor is meant the factor by which the horizontal candle- 
power must be multiplied to obtain the mean spheri(*al candle-power. 

X The larger units are almost invariably used with reflectors, hence no spherical 
reduction factor is given. 

$The life of the lamps when operated at the lower voltage is increased to about 
050 hours, and the efficiency is changed to 2.83 watts per candle. 
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When a filament, as treated in the i>rdinary manner, b run at a 
high temperature in a lamp there is no improvement of the filament, 
but it was discovered that, if the treated filaments were subjected to 
the extremely high temperature of the electric resistance furnace — 
3,000 to 3,700 degrees C. — at atmospheric pressure, the physical 
nature of the carbon was changed and the resulting filament could be 
operated at a higher temperature in the lamp and a higher efficiency. 
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Fig. 9. Tn^c&l DlHtributlon Curve* of Oetn Lamp with DLlTtrent Types ot Reflertore. 



and still maintain a life comparable to that of a 3. 1-watt lamp. This 
special heating of the filament, which is applied to the base filament 
before it is flashed, &s well as to the treated filament, causes the cold 
resbtance of the carbon to be very materially decreased and the fila- 
ment, as used in the lamp, has a positive temperature coefficient — 
rise in resistance with rise in temperature — a desirable feature from 
the standpoint of voltage regulation of the circuit from which the 
lamps are operated. The high temperature also results in the driving 
off of considerable of the material which, in the ordinary lamp, causes 
the globe to blacken after the lamp lias been in use for some time. 
"ITie bUckening of the bulb is responsible to a considerable degree 
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fur the (iecreast^ in candle-power of the incandescent lamp. The 
metallized filament lamp is operated at an efRcieney of 2 5 watts pei 
candle with a useful life of about 500 hours. The change in c'andle- 
power with change in voltage is les,s than in the ordinary lamp on 
acc'ount of the positive temperatrire coefficient of the filament. These 
lamps are not manufactured fiir very low candle-powers, owing to the 
diffitulty of treating very slender fila- 
■uents, hut they are made in sizes con- 
suming from 40 to 2o0 watts. Table II 
gives some useful information in connec- 
tion with metallized filament lamps. The 
filaments are made in a variety of shapes 
and the distribution curves are usually 
modified in practice by the use of shades 
and reflectors. The general appearance 
of the lamp does not differ from that of 
the ordinary carbon lamp. Fig. 9 shows 
typical distribution curves of the metallized 
filament lamp us it is installed in practice. 
Metallic Filament Lamps. The Tan- 
talum Lamp. The first of the metallic 
6Iament lamps to be introduced to any considerable extent com- 
mercially was the tantalum lamp. Dr. Bolton of the Siemens & 
Hatske Company first discovered the methods of obtaining the pure 
metal tantalum. This metal is rendered ductile and drawn into 
slender filaments for incandes- 
cent lamps. Tantalum has a high 
tensile strength and high melting 
point, and tantalum filaments are 
operated at temperatures much 
higher than those used with the 
carbon filament lamp. On ac- 
count of the comparatively low ^'^^ ' 
specific resistance of this material 

the filaments for llO-volt lamps must be long and slender, and 
this nece3,sitates a special form of support. Figs. 10, 11, and 12 
show some interesting views of the tantalum lamp and the fila- 
ment. This lamp is operated at the efficiency of 2 watts per 
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candle-power, with a life comparable to that of the ordinary lamp. 
By special treatment it is possible to increase the resistance of the 
filaments so that they may be shorter and heavier than those used in 




Fig. 12. 
Appe*ruire ot PUkment Att«r Filament Fnrn' 

Having Been Used. Broken Filaniet 




the first of the tantalum lamps. It should be noted that the life of 
this type of lamp on alternating-current circuits is somewhat unc'er- 
tain; it is much more satisfactory for operation on tiirect-current 
circuits. Tables III and IV ^ve some general data on the tantalum 
lamp, and Figs. 13 and 14 show typical distribution curves for the 
units as installed at present. 

TABLE III 
Data on Tantalum Latnp 
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TABLE IV 
Data on the Ufe of a 2S-C. P. Unit 



No. or HuumBursed 


Cahdle-Po«-eh 


Wat 


™p.«C.k... 





19. S 




2.17 


25 


23,6 




1.865 




23.1 




1.90 


125 


22.3 




1.98 


225 


22.4 




1-96 




22.3 




1. 97 


450 


22,2 






550 


21,2 




2.05 


650 


19.6 




2.20 




The Tungsten Lamp. Following dosdy upon the development 
of tlie tantaliim lamp came tlie tung.slen Isimp. Tungslcn possesses 
a very high melting jwint ami an indirect melhwl Is employed in 
firming filaments for incandescent lamps. There are several of these 
methods in use. In one method a fine carbon filament is flashed in 
an atmo.sphere of tungsten oxychloride mixed with just the proper 
proportion of hydrogen, in which case the filament gradually changes 
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to one of tungsten, A second method consists of the use of powdered 
tungsten and some binding material, sometimes organic and in other 
cases metallic. The powdered tungsten is mixed with the binding 
material, the paste squirted into filaments, and the binding material is 
then expelled, usually by the aid of heat. Another method of manu- 
facture consists of securing tungsten in colloidal form, squirting it 




KEg. 14. Distribution <:urvoH lor TuntBlum Lamp. No. 1, 40 Watts; No. 2. SO W 



into filaments, and then changing them to the metallic form by p 
electric current through the filaments. 

The tungsten lamp has the highest efficiency of any of the com- 
mercial forma of metallic filament lamps now in use, about 1.25 watts 
per candle-power when operated so as to give a normal life, and lamps 
for 110-volt service and consuming but 40 watfs have recently been 
put on the market. A 25-watt lamp for this same voltage appears to 
be a possibility. The units introduced at first were of high candle- 
power because of the difficulty of manufacturing the slender filament? 
required for the low candle-power lamps. 



IS 
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The advantages of these metals, tantalum and tungsten, for 
incandescent lamps are in the improved efficiency of the lamps anti 
the good quality of the light, white or nearly white in both cases. 
In either case the change in candle-power with change in vollage is 
less than the corresponding change in an ordinary carbon lamp. The 
disadvantage lies in the fact that the filaments must be made long and 
slender, and hence are fragile, for low candle-power units to be used 




on commercial voltages. In some cases tungsten lamps are con- 
structed for lower voltages and are nsed on commercial circuits through 
the agency of small step-down Iraasformers, Improvements in the 
process of manufacture of filaments and of the method of their sup- 
port have resulted in the construction of 110-volt lamps for candle- 
powers lower than was once thought possible. Figs. 15 and 16 show 
the appearance of the tungsten lamp, and Figs. 17 and 18 give some 
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typical distribution curves. Tables V and VI give data on this lamp 
as it is manufactured at present. One very considerable application 
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of the tungsten lamp is to incandescent street lighting on series cir- 
cuits, in which case the lamp may l>e made for a low voltage across 
its terminals and the filament may be made comparatively short and 
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heavy. The tung.sten lamp is also being introduced as a low voltage 
battery lamp. 

The Just lamp, tlie Z lamp, the Osrum lamp, the Zircon-Wolfram 
lamp, the Osmin lamp, etc., arc all tungsten lamps, the filaments 
being prepared hy some of the general methods already described or 
modifications of them. 
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TABLE V 
TunsTsten Lamps 

MULTIPLE 



Watts 


Volts 


Candle- 

POWER 


Watts 

PER 

C. P. 


Tip Candle- 
Power 


Spherical 

Reduction 

Factor 


40 
60 


100 

A. 

125 


32 
40 


1.25 
1.25 


5 
5.6 


76.3 
76.3 



TABLE VI 
Tuns:8ten Lamps 

SERIES 



Amperes 


Volts 


Candle-Poweb 


Watts per C. 


P. 




4 


13.5 


40 


1.35 








20.25 


60 








5.5 


9.8 
14.7 


40 
60 


1.35 






6.6 


8.2 
12.3 


40 
60 


1.35 






7.5 


7.2 


40 


1.35 








10.8 


60 







The Osmium Lamp. Very efficient incandescent lamps have 
been constructed using osmium for the filament. An indirect method 
is resorted to in the formation of these filaments. Osmium lamps 
have not been successful for commercial voltages because the fila- 
ment is too fragile if it is made to have a high resistance, so these 
lamps must be operated in series or through the agency of reducing 
transformers if they are to be applied to 110-volt circuits. At 25 
volts, lamps are constructed giving an efficiency of about 1.5 watts per 
candle-power with a life comparable to that of a 3.5-watt carbon lamp. 
Owing to the introduction of the tungsten lamp, the osmium lamp 
will probably never be used to any great extent. 

Other Metallic Filament Lamps. Table VII gives the melting 
points of several metals which are highly refractory and those already 
mentioned are not the only ones which have been successfully used 
in incandescent lamps. Titanium, zirconium, iridium, etc., have 
been successfully employed, but the tantalum and tungsten lamps are 
the only ones which are used to any extent in the United States. 



114 



ELECTRIC LIGHTING 



TABLE VII 
MeltluK Point of Some Metsis 







"'"" 


>H DkoheebC. 


TungsUn 


3080-3200 


TiUnium 


3000 


Tantalum 


2000 


Osmium 




Platinum 


1775 


Zirconium 


1500 


Silicon 


1200 


Carbon (not a metal) 


3000 



The Hdlon Lamp. The helion lamp, which gives considerable 
promise of commercial development, is a compromise between the 
carbon lamp and the metallic filament lamp. A slender filament of 
carbon is flashed in a compound of silicon (gaseous state) and a fila- 
ment composed of a carbon core more or 
less impregnated with silicon and coated 
with a metallic layer is formed. The 
emissivity of such a filament is high, the 
light is white in color, and the filament is 
strong. The efficiency of the helion fila- 
ment as far as it has been developed is 
higher than that of a carbon filament 
when operated at the some temperature. 
At 1,500 degrees C. the efficiency of the 
helion filament is 2.15 watts per candle- 
power, while for a carbon filament it is 
about 3.5 watts per candle-power, Filu- 
ments of this type have been made which 
may be heated to incandescence in open 
air without immediate destruction. This 
tamp is not yet on the market. 

The Nemst Lamp. The Nernst lamp 
is still another form of incandescent 

lamp, several types of which are shown in Figs. 19, 20, 21, and 22. 
This lamp uses for the incandescent material certain oxides of the 
rare earths, the oxides being mixed in the form of a paste, then 
squirted through, a die into a string which is subjected to a roast- 
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ing process forming the filament or glower material of the lamp as 
represented by the lower white line in Fig. 23. The more recent 
glowers are made hollow instead of solid. The glowers are cut to 
the desired length and platinum ter- 
minab attached. The attachment 
of these terminals to the glowers is 
an important process in the manu- 
facture of the lamp. The recent 
discovery of additional oxides has 
led to the construction of glowers 
which show a considerable gain in 
efficiency over those previously used. 
The glowers are heated to incan- 
descence in open air, a vacuum not 
being required. 

As the glower is a non-conductor 
when cold, some form of heater is 
necessary to bring it up to a tem- 
perature at which it will conduct. 
Two forms of heater have been 
used. One of them consists of a 
porcelain tube shown just above 
the glower, Fig. 23, about which a 
fine platinum wire is wound; the 
wire is in turn coated with a cement. 
Two or more of these tubes are 
mounted directly over the glower, or 
glowers, and serve as a reflector 
as well as a heater. The second 
form of heater consists of a slender 
rod of refractory material about 
which a platinum wire is wound, 
the wire again l)eing covered with 
a cement. This rod is then formed into a spiral which surroimds the 
glower in the vertical glower type, or is formed into tlie wafer healer. 
Fig. 24, now universally employed in the Westinghouse Nernst lamp 
with horizontal glowers. The wafer lieater is U-nt so that it can be 
mounted with several sections parallel to the glower or glowers. 
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The heating device is connected across the circuit when the lamp 
b first turned on, and it must be cut out of circuit after the glowers 
become conductors in order to save the energy consumed by the 




Fig. 21. 8«ct[cinal Vlers of Single-Glower WegtingbouBe Ncnst Lamp, 

heater aiid to prolong the life of the heater. The automatic ctd-ovt 
is operated by means of an electromagnet so arranged that current 
flows through this magnet as soon as the glower becomes a conductor, 
and contacts in the heater circuit 
are opened by this magnet. The 
contacts in the heater circuit are 
kept normally closed, usually by the 
force of gravity. 

The conductivity of the glower 
increases with the increase of tem- 
perature — the material has a nega- 
tive temperature coefficient — hence 
if it were used on a constant poten- 
tial circuit directly, the current 
and temperature would continue 

to rise until the glower was de- 

Fig. 22. "eslinghouse NeiTBt Screw 
stroyed. To prevent the current Burner. 
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from increasing beyond the desired value, a haUasi rcsisfaTice b 
used in aeries with the glower. As is well known, the resistance of 
iron wire increases (|uile rapidly with increase in temperature, and 
the resistance of a fine pure iron wire 
is so adjusted that the resistance of the 
combined circuit of the glower and the 
ballast becomes constant tit the desired 
temperature of the glower. The iron 
wire must he protected from the air 
In prevent oxidization and too rapid 
iiiriperature changes, and, for this 
reason, it is mounted in a glass bulb 
filled with hydrogen. Hydrogen has 
been selected for this purpose because 
Fie. 23. wesimehouse Senist Screw it is an inert gas and conducts the heat 

Tubular iisater. bulb better tlian other gases which 

might be used. 

j\]| of the parts enumerated, namely, glower, heater, cut-out, and 

ballast, are mounted in a suitable manner; the smaller lamps have but 

one glower and are arranged to fit in an incandescent lamp S(K-ket, 

while the lurger types are constructed at present with four glowers 





and are arranged to be supported in special fixtures, or the same as 
small arc lamps. All parts are mechanically arranged so that renew- 
als may be easily made when necessary and it is not possible to insert 
& part belonging to one type of lamp into a lamp of a different type. 
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The advantages claimed for the Nernsf lamp are: High effi- 
ciency; a good color of light; a good distribution of light without the 
use of reflectory a long life with low cost of maintenance; and 8 
complete series of sizes of units, 
thus allowing its adaption to prac- 
tically all classes of illumination. 

The lamp is constructed for 
both direct- and alternating-current 
service and for 110 and 220 volts, 
WTien the alternating-current lamp 
is used on a 110-volt circuit a small 
transformer, commonly called a 
converter coil, Fig. 25, is utilized to 
raise the voltage at the lamp ter- 
minals to about 220 volts. 

Data on the Nemst lamp in its present 
VIII, and Figs. 26 and 27 show the form 



Fig. 25. Converter Coll. 



form are given in Table 
of distribution curves, 



TABLE VIII 
OcDeral Data on the Nernst Lamp 
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Comparison of the Different Types of Incandescent Lamps. A 

direct comparison of the different types of incandescent lamps can- 
not be made but it is desirable at this time to note the following points: 
The lamps which are considered commercial in the United States 
at the present time are the carbon, gem, tantalum, tungsten, and 
Nemst lamp. The efficiencies ordinarily accepted run in the order 
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given, approximatelj 3.1, 2.5, 2, 1.25, and 1.2 watts per candle respec- 
tively. The figure of 1.2 watts per candle for the Nernst lamp is 
based upon the mean hemispherical candle-power and it should not 
be compared directly with the other efficiencies. The color of the 
light in all of the above cases is suitable for tlie majority of classes of 
illumination, the light from the higher efficiency units being some- 
what whiter than that from the carbon lamp. All of these lamps are 
constructed for commercial voltages and for either direct or alternating 
current. Tlie use of the tantalum lamp on alternating current is not 




always to be recommended as the ser\-ice is nnsatisruetory in some 
cases. The minimum size of units for 110 volts is about 4 candle- 
power for tho carbon lamp, 20 candle-power for the metallif filament 
lamp, and 50 t-andle-ix>w<T (mean hemispherical) for the Nernst 
lamp. Some of the metallic filament lamps arc construclcd for a 
consumption of as high as 250 watts, while the lai^st size of the 
Nernst lamp uses 528 watts. The light distriliulion of any of the 
units is subject to consiclcrable variation through the agency of re- 
flector.s, but the Nernst lamp is onlinarily installed without a reflec- 



ELECTRIC LIGHTING 



27 



tor. Practically all of the other unite of high candle-power use re- 
flectors and only a few of the typical curves of light distribution curves 
with reflectors have been shown in connection with the description 
of the lamps. The life of all of the commercial lamps described is 
considered as satisfactory. The minimum life Is seldom less than 
500 hours and the useful life is generally between 500 and 1 ,000 hours. 
On account of the slender filaments employed in the metallic filament 




lamps they are not made for low candle-powers at commercial vol- 
tages. The introduction of transformers for the purpose of changing 
the ciraiit voltage to one suitable for low candle-power units has not 
become at all general as yet in this country. 

SPECIAL LAMPS 

The Mercury Vapor Lamp. The mercury vapor lamp in this 
country is put on the marl^et by the Cooper-Hewitt Electric Company 
and it is being used to a considerable extent for industrial illumination. 
In this lamp mercury vapor, rendered incandescent by the passage 
of an electric current through It, is the source of light. In its standard 
form thb lamp consists of a long glass tube from which the air has 
been carefully exhausted, and which contains a small amount of 
metallic mercury. The mercury is held in a large bulb at one end of 
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the tube and forms the negative electrode in the direct-current lamp. 
The other electrode is formed by an iron cup and the connections 
between the lamp terminals and the electrodes are of platinum where 
this connection passes through the glass. Fig. 28 gives the general 
appearance of a standard lamp having the following specifications: 
Total watts (110 volts, 3.5 amperes) = 385 
Candle-power (M. H. with reflector) = 700 
Watts per candle « . 55 
Length of tube, total = 55 in. 
Length of light-giving section = 45 in. 
Diameter of tube - 1 in. 

Height from lowest point of lamp to ceiling plate « 22 in. 
For 220-volt service two lamps art* connecteil in series. 
The mercury vapor, at the start, may be formed in two ways: 
First, the lamp may be tipped so that a stream of mercury makes 

contact between the two elec- 
trrxies and mercury is vaporized 
when the sti-eam breaks. Second, 
by means of a high inductance 
and a quick break switch, a very 
high voltage sufficient to pass a 
current from one electrode to the 

Fig. 28. C'ooper-H^U Mercwy Vapor ^^,^^,^ ^j^^^^^^,^ ^,^^ VacUUm, is in- 
duced and the conducting vapor 
is formed. The tilting method of .starting is preferred and this 
tilting is brought about automatically in the more recent types of 
lamp Fig. 29 shows the (connections foi automatically starting two 
lamps in series. A steadying resistance and reactance are connected 
as shown in this figure. 

The mercury vapor lamp is constructed in rather large units, 
the 55-volt, 3.5-ampere lamp being the smallest standard size. The 
color of the light emitted is objectionable for some purposes as there 
is an entire absence of red rays and the light is practically monochro- 
viaiic. The illumination from tliis type of lamp is excellent where 
sharp contrast or minute detail is to be brought out, and this fact 
has led to its introduction for such classes of lighting as silk mills and 
cotton mills. On account of its color the application of this lamp is 
limited to the lighting of shops, offices, and drafting rooms, or to diar 
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play windows where the goods shown will not be changed in appear- 
ance by the color of the light. It is used to a considerable extent in 
photographic work on account of the actinic properties of the light. 
Special reactances must be provided for a mercury arc lamp operating 
on single-phase, alternating-current circuits. 

The Moore Tube Light. The Moore light makes use of the 
familiar Gelssler tube discharge — discharge of electricity through a 
vacuum tube — as a source of illumination. The practical application 
of this discharge to a system of lighting has involved a large amount 




Fig. 2S- Wlrins Diagram. Two H 



Lamps la Series. 



of consistent research on the part of the inventor and it has now been 
brought to such a stage that several installations have been made. 
The sysfein has many interesting features. 

In the normal method of installation, a glass tube IJ inches in 
diameter b made up by connecting standard lengths of glass tubing 
together until the total desired length is reached, and this continuous 
tube, which forms the source of light when in operation, is mounted 
in the desired position with respect to the plane of illumination. In 
many cases the tube forms a large rectangle mounted just beneath 
the ceiling of the room to be lighted. The tube may be of any reason- 
able length, actual values running from 40 to 220 feet. In order to 
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provide an electrical dischai^ through this tube it is customary to 
lead both ends of the tube to the high tension terminals of a trans- 
former, the low tension side of which may be connected to the alter- 
nating-current lighting mains. This transformer is constructed so 
that the high tension terminals are not exposed and the current is 
led into the tube by means of platinum wires attached to carbon 
electrodes. The electrodes are about eight inches in length. The 
ends of the tube and the high tension terminals are enclosed in a steel 
casing so as to effectually prevent anything from coming in contact 
with the high potential of the system. As stated, the low tension side 

of the trans- 
former is con- 
nected to the 
usual 60-cycle 
lighting mains. 
If direct current 
is used for distribution, a motor- 
generator set f3r furnishing alter- ' 
nating current to the primary of 
the transformer is required. Any 
frequency from 60 cycles up is 
suitable for the operation of these 
tubes. At lonvr frequencies there 
is some appreciable variation of 
the light emitted. One other de- 
vice is necessary for the suitable 
operation of this form of light and 
this is known as the regidator. In order to maintain a constant pres- 
sure inside the tube, and such a constant pressure is necessary for 
its satisfactory operation, there must be some automatic device which 
will allow a small amount of gas to enter the tube at intervals while 
it is in operation. The regulator accomplishes this purpose. Fig. 
30 shows a diagram of the very simple connections of the system and 
gives the relative positions occupied by the transformer, tube, and regu- 
lator. Fig. 31 gives an enlarged view of the regulator, a description 
of which and its method of operation is given as follows: 

A piece of J-ineh glaBs tubing is aiipportrtl vertically anil ita bottom end 
is contracted into a. j-incli glass tube which extends to the main lighting tube. 




FIr. 30. Diagram ShovlDg Essendal 
FeaturesottlieMoore LiehC. 1, Lij 
InK Tul>e: 2. Transtnnnn- Cas 
3. Lamp Terminals: 4. Trans- 
former ; 5, 0, 7, 8, Regulators. 
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At the point of contraction at the bottom of the J-inch tube there is scaled 
by meang of cement a 1-inch carbon plug, the porosity of which is not i^at 
enough to allow mercury to percolate through it but which will permit 
easily to pass, due to the high vacuum of the 
lighting tube connected to the lower end of the 
plug, and approximately atmospheric pressure 
above it. This carbon plug ia normally com- 
pletely covered with what would correspond to 
a thimbleful of mercury which simply seals the 
pores of the carbon plug, and therefore has 
nothing whatever to do with the conducting 
properties of the gas in the main tube which 
produces the light. Partly immersed in the 
mercury and concentric with the carbon plug, 
is another smaller and movable glass tube, the 
upper end of which is filled with soft iron wire, 
which acts as the core of a small solenoid con- 
nected in series with the transformer. The 
action of the solenoid ia to lift the concentric 
glass tube partly out of the mercury, the sur- 
face of which falls and thereby causes the 
minute tip of the conical shaped carbon plug 
to be slightly exposed for a second or two. 
This exposure is sufBcient to allow 

a small amount of gas to enter the tube, 

the current decreases slightly, and the 

carbon plug is again sealed. The process 

above descnbed takes place at intervals 

of about one minute when the tube is in 

operation. 

The color of the light emitted by flie 

tube depends upon the ga3 used in it. 

The regulator is fitted with some chem- 
ical arrangement whereby the proper gas 

b admitted to it when the tube is in opera- 
tion. Nitrogen is employed when the tube 

gives the highest efficiency and the light 

emitted when this gas is used is yellowish 

in color. Air gives a pink appearance to 

the tube and carbon dioxide is employed when a white light is desired. 
Table IX gives general data on the Moore tube light, 'ITie 

advantages claimed for this light are : High efficiency, good color, and 

low intrinsic brilliancy. 




Fig. 31. Regulating Valve. 
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TABLE IX 
Data oa the Moon Tubo Light 



LsKOTa or 


^"c\7:?sr" 


POWEK FiCTOa 


VoLTAQE .T Lamp TBmuiNAU 


40-70 ti. 

80-125 " 
130-180 '■ 
190-220 •' 


2 kw. 
2.75 " 

3 5 " 
4,5 " 


65-84% 


3,146 for 40-ft. tube, Rt 
12 hefneni per ft. 

12,441 for220-ft. tube, at 
12 hefnere per ft. 



Walta per hefnor. 3.3 for 20-Coot tube includlnt; tr&DaTornier. 
WttU per liefner. 1.4 for ISO-foot tube Includlag tr8iufo.iTier. 
Hefner per loot, normal, 12. 
Not« tb>t QDe betne.' equaEs O.SS candte-power. 




ARC LAMPS 

The Electric Arc. Suppose two carbon rods are connected in 
an electric circuit, and the circuit closed by toucliing the tips of these 
rods together- on separating the carbons again the circuit will not 
be broken, provided the space between the carbons be not too great, 
but will be maintjjined through the arc 
formed at these points. This phenom- 
enon which is tlie basis of the arc 
light was first observed on a large scale 
by Sir Hum[>hrey Davy, who used a 
bittery i f 2 000 cells and produced an 
are bttween charcoal points four inches 
apart 

\s the incandescence of the carbons 
across which an arc is maintained, to- 
gether with the arc itself, forms the 
source of light for a large portion of arc 
ng 3" The Ki^wr Are rcween i^mps it will be well to study the 
(arboi Terminals ^ ■> 

nature of the arc. Fig, 32 shows the 
general appearance of an art between two carbon electrodes when 
maintained bv direct current 
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Here the current is assumed as passing from the top carbon to 
the bottom one as indicated by the arrow and signs. We find, in the 
direct-current arc, that the most of the light issues from the tip of the 
positive carbon, or electrode, and this portion is known as the craier 
of the arc. This crater has a temperature of from 3,000° to 3,500° C, 
the temperature at which the carbon vaporizes, and gives fully 80 to 
85% of the light furnished by the arc. The negative carbon becomes 
pointed at the same time thai the positive one is hollowed out to form 
the crater, and it is also incandescent but not to as great a degree as 
the positive carbon. Between the electrodes there is a band of violet 
light, the arc proper, and this 
b surrounded by a luminous 
zone of a golden yellow color. 
The arc proper does not fur- 
nish more than 5% of (he light 
emitted when pure carbon 
electrodes are used. 

The carbons are worn 
away or consumed by the 
passage of the current, the 
fKjsitive carbon being con- ' 
sumed about twice as rapidly ' 
as the negative. * 

The light distribution 
curve of a direct-current arc, 
taken in a vertical plane, is 
shown in Fig. 33. Here it is seen that the maximum amount of tight 
is pven off at an angle of about 50° from the vertical, the negative 
carbon shutting off the rays of light that are thrown directly down- 
ward from the crater. 

If alternating current is used, the upper carbon becomes posidve 
and negative alternately, and there is no chance for a crater to be 
formed, both carbons giving off the same amount of light and being 
consumed at about the same rate. The light distribution curve of 
an alternaiing-current arc Is shown in Fig. 34. 

Arc-Lamp Mechanians. In a practical lamp we must have not 
only a pair of carbons for producing the arc, but also means for sup- 
porting these carbons, together with suitable arrangements for leading 
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the current to (hem and for maintaining them at the proper distance 
apart. The carbons are kept separated the proper distance by the 
operating mechanisms which must perform the following fuuctioiu: 

1. The carbons must be in contact, or be brought into oontact, to wUai 
the arc when the current first flows. 

2. They musl tx; Bcpamted &t the right distance to form a proper aro 
immediately afterward. 




FlB. 34. Distrlliutimi CurVi 



O. Arc Lamp {Vertical Pltnti. 



3. The carbonH must be fed to the arc as they are consumed. 

4. The cirtoil should be o|jen or closed when the carbons are entirely 
consumed, depending on the method of power distribution. 

The feeding of the carbons may be done by hand, as is the case 
in some storeopticuns using an arc, but for ordinary illumination the 
striking and maintaining of the arc must be automatic. It is made 
so in nil cases by means of solenoids acting against the force of gravity 
or against springs. There are an endless number of such mechanisms, 
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They may be roughly divided 
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but a few only will be described here, 
into three classes: 

1. Shunt mechanisms. 

2. Series mechanisms. 

3. Differential mechanisms. 

Shuiii Mechanisms. In shunt lamps, the carbons are held apart 
before the current is turned on, and the circuit is closed thro?igh a 
solenoid connected in across the . 
gap so formed. All of the cur- 
rent must pass through this coil 
at first, and the plunger of the 
solenoid is arranged to draw the 
carbons together, thus starting 
the arc. The pull of the solenoid 
and that of th.^ springs are ad- 
justed to maintain the arc at its 
proper length. 

Such lamps have the disad- 
vantage of a high resistance at 
the start — 450 ohms or more — 
and are difficult to start on series 
circuits, due to the high voltage 
required. They tend to maintain 
a constant voltage at the arc, but 
do not aid the dynamo in its 
regulation, so that the arcs are 
liable to be a little unsteady. 

Series Mechanisms. With 
the series-lamp mechanism, the 
carbons are together when the lamp is first started and the current, 
flowing in the series coil, separates the electrodes, striking the arc. 
When the arc is too long, the resistance is increased and the current 
lowered so that the pull of the solenoid is weakened and the carbons 
feed together. This type of lamp can be used only on constant- 
potential systems. 

Fig. 35 shows a diagram of the connection of such a lamp. This 
diagram is illustrative of the connection of one of the lamps manu- 
factured by the Western Electric Company, for use on a direct-current, 




Fig. 35. Series Mechanism for D. O. 
Arc Lamp. 
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constant-potential system. The symbols + and — refer to the termi- 
nals of the lamp, and the lamp must be so connected that the current 
flows from the top carbon to the.bottom one. Risa, series resistance, 
adjustable for different voltages by means of the shunt G. F and D 
are the controlling solenoids connected in series with the arc. B and 
C are the positive and negative carbons respectively, while ^ b the 
switch for turning the current on and off. // is the plunger of the 

solenoids and I the carbon clutch, 
this being what is known as a 
carbon-feed lamp. The carbons 
are together when A is first closed, 
the current is excessive, and the 
plunger is drawn up into the so- 
lenoids, lifting the carbon B until 
the resistance of the arc lowers the 
current to such a value that the 
pull of the solenoid just counter- 
balances the weight of the plunger 
and carbon. G must be so adjusted 
that this point is reached when the 
arc is at its normal length. 

Differential Mechanisms, In 
the differential lamp, the series and 
shunt mechanisms are combined, 
the carbons being together at the 
start, and the series coil arranged 
so as to separate them while the 
shunt coil is connected across the 
arc, as before, to prevent the carbons from being drawn too far apart. 
This lamp operates only over a low-current range, but it tends to aid 
the generator in its regulation. 

Fig. 36 shows a lamp having a differential control, this also being 
the diagram of a Western Electric Company arc lamp for a direct- 
current, constant-potential system. Here S represents the shunt coil 
and M the series coil, the armature of the two magnets A and A' being 
attached to a bell-crank, pivoted at B, and attached to the carbon 
clutch C, The pull of coil S tends to lower the carbon while that of 
M raises the carbon, and the two are so adjusted that equilibrium b 
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Fig. 36. 



Differeutial Moohanism for 
D. C. Arc Lamp. 
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reached when the arc is of the proper length. All of the lamps are 
fitted with an air dashpot, or some damping device, to prevent too 
rapid movements of the working parts. 

The methods of supporting the carbons and feeding them to 
the arc may be divided into two classes: 

1. Rod-feed mechanism. 

2. Carbon-feed mechanism. 

Rod-Feed Mechanism. 
Lamps using a rod feed have 
the upper carbons supported 
by a conducting rod, and the 
regulating mechanism acts on 
this rod, the current being fed 
to the rod by means of a sliding 
contact. Fig. 37 shows the ar- 
rangement of this type of feed. 
The rod is shown at iJ, the 
sliding contact at JS, and the 
carbon is attached to the rod 
ate. 

These lamps have the ad- 
vantage that carbons, which 
do not have a uniform cross- 
section or smooth exterior, may 
be used, but they possess the 
disadvantage of being very 
long in order to accommodate 
the rod. The rod must also be 
kept clean so as to make a 
good contact with the brush. 

Carbon-Feed Mechanism. In carbon-feed lamps the controlling 
mechanism acts on the carbons directly through some form of clutch 
such as is shown at C in Fig. 38. This clamp grips the carbon when 
it is lifted, but allows the carbon to slip through it when the tension 
is released. For this type of feed the carbon must be straight and 
have a uniform cross-section as well as a smooth exterior. The 
current may be led to the carbon by means of a flexible lead and a 
short carbon holder. 
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Pig. 37. Rod-Feed Mechanism. 
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TYPES OF ARC LAMPS 



Arc lamps are constnicted to operale on direct-current or altet 
nating-curreiit systems when t-onnected in sen'rs or in multiple. Thejj 
are also made in both the open and the enclosed forms. 

By an opni arc is meant an art- lamp in which the arc is expos? 

to the atniosphorc, while in Uie enclosed arc an inner or eiiclosin 
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globe surrounds the are, and this globe is covered with a cap which 
renders it nearly air-tight. Fig. 38 is a good example of an enclosed 
arc as manufactured by the ficncral Electric Company. 

Direct-Current Arcs. Open Types a/ Arcs for direct-current 
systems were the first to be used to any great extent, \\'hen used 
thev are always connected in aeries, and are run from some form of 
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special arc machine, a description of which may be found in *'Types 
of Dynamo Electric Machinery." 

Each lamp requires in the neighborhood of 50 volts for its opera- 
tion, and, since the lamps are connected in series, the voltage of the 
system will depend on the number of lamps; therefore, the number 
of lamps that may be connected to one machine is limited by the 
maximum allowable voltage on that machine. By special construction 
as many as 125 lamps are run from one machine, but even this size 
of generator is not so efficient as one of greater capacity. Such gen- 
erators are usually wound for 6.6 or 9.6 amperes. Since the carbons 
are exposed to the air at the arc, they are rapidly consumed, requiring 
that they be renewed daily for this type of lamp. 

Double-Carbon arcs. In order to increase the life of the early 
form of arc lamp without using too lon^ a carbon, the double-carbon 
type was introduced. This type uses two sets of carbons, both sets 
being fed by one mechanism so arranged that when one pair of the elec- 
trodes is consumed the other is put into service. At present nearly 
all forms of the open arc lamp have disappeared on account of the 
better service rendered by the enclosed arc. 

Enclosed arcs for series systems are constructed much the same 
as the open lamp, and are controlled by either shunt or differential 
mechanism. They require a voltage from 68 to 75 at the arc, and are 
usually constructed for from 5 to 6.8 amperes. They also require a 
constant-current generator or a rectifier outfit if used on alternating- 
current circuits. 

Constant-potential arcs must have some resistance connected in 
series with them to keep the voltage at the arc at its proper value. 
This resistance is made adjustable so that the lamps may be used on 
any circuit. Its location is clearly shown in Fig. 38, one coil being 
located above, the other below the operating solenoids. 

Alternating-Current Arcs. These do not differ gready in con- 
struction from the direct-current arcs. ^Vhen iron or other metal 
parts are used in the controlling mechanism, they must be laminated 
or so constructed as to keep down induced or eddy currents which 
might be set up in them. For this reason the metal spools, on which 
the solenoids are wound, are slotted at some point to prevent them 
from forming a closed secondary to the primary formed by the solen- 
oid winding. On constant-potential circuits a reactive coil is used 
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in place of a part of the resistance for cutting down the voltage at the 
arc. 

Interchangeable Arc. Interchangeable arcs are manufactured 
which may be readily adjusted so as to operate on either direct or 
alternating current, and on voltages from 110 to 220. Two lamps 
may be run in series on 220-volt circuits. 

The distribution of light, and the resulting illumination for the 
different lamps just considered, will be taken up later. Aside from 
the distribution and quality of light, the enclosed arc has the advan- 
tage that the carbons are not consumed so rapidly as in the open lamp 
because the oxygen is soon exhausted from the inner globe and the 
combustion of the carbon is gready decreased. They will bum 
from 80 to 100 hours without retrimming. 

TABLE X 
Rating of Enclosed Arcs 
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*Ck>iidition of no outer globe. tCondltlon with shade on lamp. II. U. Hefner Units. 

Rating of Arc Lamps. Open arcs have been classified as 
follows : 
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Full Arcs, 2,000 candle-power taking 9 . 5 to 10 amps, or 450-480 watts. 
Half Arcs, 1,200 candle-power taking 6.5 to 7 amps, or 325-350 watts. 

These candle-power ratings are much too high, and run more 
nearly 1,200 and 700, respectively, for the point of maximum intensity 
and less than this if the mean spherical candle-power be taken. For 
this reason, the ampere or watt rating is now used to indicate the 
power of the lamp. It is now recommended that specifications for 
street lighting should be based upon the illumination produced. This 
point is considered later under the topic of street lighting. Enclosed 
arcs use from 3 to 6.5 amperes, but the voltage at the arc is higher 
than for the open lamp. Table X gives some data on enclosed arcs 
on constant-potential circuits. 

Efficiency. The efficiency o* arc lamps is given as follows: 

Direct-Current Arc (enclosed) 2.9 watts per candle-power. 
Alternating-Current Arc (enclosed) 2.95 watts per candle-power. 
Direct-Current Arc (open) .6-1.25 watts per candle-power. 

Carbons for Arc Lamps. Carbons are either moulded or forced 
from a product known as petroleum coke or from similar materials 
such as lampblack. The material is thoroughly dried by heating to a 
high temperature, then ground to a find powder, and combined with 
some substance such as pitch which binds the fine particles of carbon 
together. After this mixture is again ground it is ready for moulding. 
The powder is put in steel moulds and heated until it takes the form 
of a paste, when the necessary pressure is applied to the moulds. For 
the forced carbons, the powder is formed into cylinders which are 
placed in machines which force the material through a die so arranged 
as to give the desired diameter. The forced carbons are often made 
with a core of some special material, this core being added after the 
carbon proper has been finished. The carbons, whether moulded 
or forced, must be carefully baked to drive off all volatile matter. 
The forced carbon is always more uniform in quality and cross- 
section, and is the type of carbon which must be used in the carbon- 
feed lamp. The adding of a core of a different material seems to 
change the quality of light, and being more readily volatilized, keeps 
the arc from wandering. 

Plating of carbons with copper is sometimes resorted to for 
moulded forms for the purpose of increasing the conductivity, and, 
by protecting the carbon near the arc, prolonging the life. 



186 



43 



ELECTRIC LIGHTING 



Rorcelaiif 



The Flaming Arc. In the carbon arc the arc proper gives out 
but a small percentage of the total amount of light emitted. In order 
to obtain a light in which more of the source of luminosity is in the 
arc itself, experiments have been made with the use of electrodes im- 
pregnated with certain salts, as well as with electrodes of a material 
different than carbon. The result of these experiments has been to 
place upon the market the flaming arc lamps and the luminous arc 
lamps— lamps of high candle-power, good efficiency, and giving vari- 
ous colors of light. These lamps may be put in two classes : One class 
uses carbon electrodes, these electrodes being impregnated w^ith certain 

salts which add luminosity to the 
arc, or else fitted with cores which 
contain the required material; 
the other class covering lamps 
which do not employ carbon, the 
most notable example being the 
magnetite arc which uses a copper 
segment as one electrode and a 
magnetite stick as the other 
electrode. 

Flaming arcs of the first class 
are made in two general types: 
One in which the electrodes are 
placed at an angle, and the other in which the carbons are placed 
one above the other as in the ordinary arc lamp. The term lumi- 
nous arc is usually applied to arcs of the flaming type in which the 
electrodes are placed one above the other. The minor modifications 
as introduced by the various manufacturers are numerous and include 
such features as a magazine supply of electrodes by which a new pair 
may be automatically introduced when one pair is consumed; feed 
and control mechanisms; etc. The flaming arc presents a special 
problem since the vapors given off by the lamp may condense on the 
glassware and form a partially opaque coating, or they may interfere 
with the control mechanism. 

Bremer Arc. The Bremer flaming arc lamp was introduced 
commercially in 1899, and since some of its principles are incorporated 
in many of the lamps on the market to-day, it will be briefly described 
here. The diagram shown in Fig. 39 illustrates tlie main features of 
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Fig. 39. Diagram of Bremer Flaming Arc. 
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this lamp. The electrodes are iiiuiinted at iiii angle and an electro- 
magnet is placed above the arc for the purpose of keeping the arc from 
creeping up and injuring the economizer, and also for the purpose of 
spreading the arc out and increasing its surface. The vapor from 
the arc is condensed on the economizer and this coating acts as a re- 
flector, throwing the light downward. The economizer serves to 
limit the air supplied to the arc and thus increases the life of the elec- 
trodes. The inclined position of the carbons was suggested by the 
fact that in the impregnated carbons a slag was formed which gave 
trouble when the electrodes were mounted in the usual manner. By 
using the electrodes in 
this position there is little 
if any obstruction to the 
light which passes di- 
rectly downward from 
the arc. 

Bremer's original 
electrodes contained 
compounds of calcium, 
strontium, magnesium, 
etc., as well as boracic 
acid. Electrodes as em- 
ployed in the various 
lamps to-day differ 
greatly in their make-up. 
Some use impregnated 

carbons, others use carbons with a core containing the flaming ma- 
terials, and metallic wires are added in some cases. The life of 
electrodes for flaming lamps is not great, depending upon their length 
and somewhat upon the type of lamp. The maximum life of the 
treated carbons is in the neighborhood of 20 hours. 

The color of the light from the flaming arc is yellow when cal- 
cium salts are used as the main impregnating compound, and the 
majority of the lamps installed use electrodes giving a yellow light. 
By employing more strontium, a red or pink light is produced, while 
if a white light is wanted, barium salts are used. Calcium gives the 
most efficient service and strontium comes between this and barium. 
The distribution curves in Fig. 40 illustrate the relative economies 




i'lg. 40. Distribution Curves cit a Luminous Are. 
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of the different materiab. Modem electrodes contain not more than 
15% of added material and it is customary to find the salts applied 
as a core to the pure carbon sticks. The electrodes are made of a 
small diameter in order to maintain a steady light and this partially 
accounts for their short life. 

The feeding mechanisms employed differ greatly. They may be 
classified as: Clock, gravity-feed, clutch, motor, and hot-wire mech- 
anisms. Fig. 41 illustrates a clock mechanism. This is a dif- 
_ ferential mechanism in which the 

shunt coils act to release a detent / 
which allows the electrodes to feed 
down and when they come in con- 
tact the series coils separate them 
to the proper extent for maintaining 
a suitable arc. In the gravity feed 
an electromagnet is used to operate 
one carbon in springing the arc and 
the other carbon is fed by gravity, 
it being prevented from dropping 
too far by means of a special rib 
formed on the electrode which comes 
in contact with a part of the lamp 
structure. Gravity feed is also em- 
ployed in the clutch mechanism but 
here the carbons are held in one 
position by an electrically operated 
chitch which releases them only when 
the current is suflBciently reduced by 
the lengthening of tlie arc. In the 
hot-wire lamp, the wire is usually in series witli the arc; the contrac- 
tion and expansion of this wire is balanced against a spring and the 
arc is regulated by such contraction or expansion of the wire. Such 
a lamp is suitable for either direct or alternating current. In the 
motor mechanism, as applied to alternating-current lamps, a metallic 
disk is actuated by differential magnets and its motion is transmitted 
to the electrodes to lengtlien or shorten the arc accordingly as the 
force exerted by the series or shunt coils predominates. 

Magnetite Arc. The magnetite arc employs a copper disk as 
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one electrode; and a magnetite stick — formed by forcing magnetite, 
to which titanium salts are usually added, into a thin sheet steel tube — 
b used as the other electrode. This lamp ^ves a luminous arc of 
good efficiency and the magnetite electrode is not consumed as rapidly 
as the treated carbons with the result that magnetite lamps do not 
require trimming as frequently. The life of the magnetite electrode 
as at present manufactured is from 170 to 200 hours. A diagram of . 
the connections of this lamp as manufactured by the General Electric 




Fig, 42. ntBETsm Of OMinectlona tor Magnetite Arc Lamp, 

Company is shown in Fig. 42. The magnetite electrode is placed be- 
low. The copper electrode has just the proper dimensions to prevent 
its being destroyed by the arc and yet it is not large enough to cause 
undue condensation of the arc vapor. Direct current must be used 
with this lamp, the current passing from the copper to the magnetite. 
Table XI gives some general data on the flaming arc, while Figs. 
43 and 44 give typical distribution curves. The advantages of the 
flaming arc over lamps using pure carbon electrodes are: High efli- 
cieDcy; better light distribution; and better color of light for some 
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purposes. A greater amount of light can be obtained from a single 
unit than b practical with the carbon arc. The disadvantages lie 
in the frequent trimming required and the expense of electrodes. 
Flaming arcs have been introduced abroad, especially in Germany, 
to a much greater extent than in the United States. 

TABLE XI 
General Data on Flaming: Arcs 
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POWER DISTRIBUTION 

The question of power distribution for electric lamps and other 
appliances is taken up fully in the section on that subject, therefore 
it will be treated very briefly here. The systems may be divided into: 

1. Series distribution systems. 

2. Multiple-series or series-multiple systems. 

3. Multiple or parallel systems. 

They apply to both alternating and direct current. 

The Series System. This is the most simple of the three; the 
lamps, as the name indicates, are connected in series as shown in 
Fig. 45. A constant load is necessary if a constant potential is to be 
used. If the load is variable, a constant-current generator, or a 
special regulating device is necessary. Such devices are constant- 
current transformers and constant-current regulators as applied to 
alternating-current circuits. 

The series system is used mostly for arc and incandescent lamps 
when applied to street illumination. Its' advantages are simplicity 
and saving of copper. Its disadvantages are high voltage, fixed by 
the number of lamps in series; the size of the machines is limited 
since they cannot be insulated for voltage above about 6,000; a single 
open circuit shuts down the whole system. 

Alternating-current series distribution systems are being used to 
a very large extent. By the aid of special transformers, or regulators. 



140 



ELECTRIC LIGHTING 47 

any number of circuits can be run from one machine or set of bus bars, 
and apparatus can be built for any voltage and of any size. It is not 
customary, however, to build transformers of this type having a capac- 




Ftg. 43. DlitributlOQ Curve tor Flamtng Arc Uimp. 

ity greater than one hundred 6.6-ampere lamps because of the high 
voltage which would have to be induced in the secondary for a larger 
number of lamps. 

Fig. 45 gives a dia- 
gram of the connection 
of a singleKxiil trans- 
former in service. The 
constant-current trans- 
former most in use for 
lighting purposes b the so'\ 
one manufactured by the 
General Electric Com- 
pany and commonly 
known as a fui troTiS' 
former. Fig. 46 shows such a transformer (double-coil type) when 
removed from the case. 

Referring to Fig. 46, the fixed coils A form the primaries which 
are connected across the line; the movable coils £ are the secondaries 




HsftnetlM LuinlDouB Arc Lamp. 



48 



ELECTRIC LIGHTING 



connected to the lamps. There is a repulsion of the coib B by the 
coils A when the current flows in both circuits and this force is bal- 
anced by means of the weights at W, so that the coils B take a position 
such that the normal current will flow in the secondary. On light 
loads, a low voltage is sufficient, hence the secondary coib are close 

together near the middle of 
the machine and there is a 
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heavy magnetic leakage. 
\Mien all of the lamps are 
on, the coils take the posi- 
tion shown when the leak- 
age is a minimum and the 
voltage a maximum. When 
first starting up, the trans- 
former is shortx^ircuited and 
the secondary coils brought 
close together. The short 
circuit is then removed and 
the coils take a position 
corresponding to the load 
on the line. 

These transformers regu- 
late from full load to J rated 
load within yV ampere of 
normal current, and can be 
run on short circuit for 
yPRiMARY PLUG SWITCH several hours without over- 
I heating. The efficiency is 

given as 96% for lOO-light 
transformers and 94.6% for 
r)()-Hght transformers at full 
load. The power factor of the system is from 76 to 78% on full 
load, and, owing to the great amount of magnetic leakage at less than 
full load — the effect of leakage being the same as the effect of an in- 
ductance in the primary — the power factor is greatly reduced, falling 
to 62% at J load, 44% at \ load, and 24% at i load. 

Standard sizes are for capacities of 25-, 35-, 50-, 75-, and 100-6.6 
ampere enclosed arcs, and they are also made for lower currents in 
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the neighborhood of 3.3 amperes for incandescent lamps. The low 
power factor of such a system on light loads shows that a traosformer 
should be selected of such a capacity that it will be fully or nearly 
fully loaded at all times. The primary winding can be constructed 
for any voltage and the open circuit voltages of the secondaries are 
as follows: 



25 light transformer, 2,300 volU. 



The 50-, 75-, and 100-light transformers are arranged for multiple 
circuit operation, two circuits 
used in series, and the vol- 
tages at full load reach 4,100 
foreach circuit on the 100-light 
machine. 

The second system, used 
for series distribution un 
alternating-current circuits 
consists of a constant-potential 
transformer, stepping down the 
line voltage to that required 
fur the total number of lamps 
on the system, allowing 83 
volts for each lamp, and in 
scries with the lamps is a 
reactive coil, the reactance of 
which is automatically regu- 
lated, as the load is increased 
or decreased, in order to keep 
the current in the line con- 
stant. Fig. 47 shows such a regulator and Fig. 48 shows this regu- 
lator connected in circuit. The inductance is varied by the move- 
ment of the coil so as to include more or less iron in the magnetic 
circuit. Since the inductance in series with the lamps is high on light 
loads, the power factor is greatly reduced as in the constant-current 
transformer; and the circuits should, preferably, be run fully loaded. 
60 to 65 lamps on a circuit is the usual maximum limit. 

While used primarily for arc-light circuits, the same systems. 
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designed for lower currents, are very readily applied to series incan- 
descent systems. 

The introduction of certain flaming or luminous arcs requiring 
direct current for their operation has led to the use of the mercury arc 
rectifier in connection with series circuits on alternating-current 
systems. A constant-current transformer is used to regulate for the 
proper constant current in its second- 
ary winding, and this secondary current ^^' ^^^^^^"^ 
is rectified by means of the mercury arc 
rectifier for the lamp circuit. In the 
recent outfits the rectifier tubes are 
immersed in oil for cooling. While 
this rectifier was first introduced for 
the operation of luminous arc lamps, 
there is no reason why it should not 
be used with any series lamp requiring 
direct current, provided the system is 
designed for the current taken by such 
lamps. With this system any commer- 
cial frequency may be used. Sets are 
constructed for 25-, 50-, and 75-light 
circuits. They have a combined effi- 
ciency, transformer and rectifier tube, 
of 85% to 90%, and operate at a power 
factor of from 65% to 70%. Fig. 49 
gives a diagram of the circuit and 
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rectifier connections used with a single- Fig. 48. wiring Diagram showing in- 

A 1 p.,,i.Ci. troduction of the Current Regulator. 

Multiple-Series or Series- Multiple Systems. These combine 
several lamps in series, and these series groups in multiple, or several 
lamps in multiple and these multiple groups in series, respectively. 
They have but a limited application. 

Multiple or Parallel Systems of Distribution. By far the largest 
number of lamps in service are connected to parallel systems of dis- 
tribution. In this system, the units are connected across the lines 
leading to the bus bars at the station, or to the secondaries of con- 
stant-potential transformers. Fig. 50 shows a diagram of ten lamps 
connected in parallel. The current delivered by the machine de- 
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pends directly on the number of lamps connet-ttd in service, the vtA- 
tage of the system being kept constant. 

Inasmuch as the flow of current in a conductor is always accom- 
- panied by a faJI 




various schemes have been ailoplcd to j: 
systems ma.y tx- classified as: 

1, ( 'yli [111 ri fill cii ml lie to in, parallel fceilin 



li-parallfl fcediii)[. 



Ill thr (yliiidiiial condiictor, pundlcl-recthng system, the con- 
ductors, A, B, C, D, Fiy. ")(), are of the same size throughout and are 
fed at the same end h\ the generator. The voltage is a minimum 
at the lamps E and a maximum at tlic lamps F; the value of the 
voltage at any lamp l)eing readily calcululctl. 

By a conical or tupcriiig conductor is meant a conductor whose 
diameter is so proportioned throughout its length that the current, 
dividc<l by the cross-section, or the current density, is a constant 
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quantity. Such a conductor is approximated in practice by using 
smaller sizes of wire as the current in the lines becomes less. 

In an anti-parallel system, the current is fed to the lamps from 
opposite ends of the system, as shown in Fig. 51. 

Multipl^Wire Systems. In order to take advantage of a higher 
voltage for distribution of power to the lighting circuits, three- and 
five-wire systems have been introduced, the three-wire system being 
used to a very large extent. In this system, three conductors are 
used, the voltage from each ^ 



outside conductor to the 
middle neutral conductor 
being the same as for a 
simple parallel system. Fig. 
52 gives a diagram of this. 



B 
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Fig. 50. Parallel Feeding System. 



By this system the amount (g) 6 66 66 6 66(!) 6 
of copper required for a giv- 7^ TTTTTTTTT| 



Fig. 51. Anti-XMtr&Uel Feeding System. 




Fig. 62. Three-wire System. 



en number of lamps is from 
five-sixteenths to three- 
eighths of the amount 
required for a two-wire dis- 
tribution, depending on the 
size of the neutral con- 
ductor. The saving of 

copper together with the disadvantages of the system is more fully 
treated in the paper on "Power Transmission." 

ILLUMINATION 

Illumination may be defined as the quality and quantity of light 
which aids in the discrimination of outline and the perception of 
color. Not only the quantity, but the quality of the light, as well as 
the arrangement of the units, must be considered in a complete study 
of the subject of illumination. 

Unit of Illumination. The unit of illumination is the joot- 
candle and its value is the amount of light falling on a surface at a 
distance of one foot from a source of light one candle-power in value. 
The law of inverse squares — namely, that the illumination from a 
given source varies inversely as the square of the distance from the 
source — shows that the illumination at a distance of two feet from a 
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single candle-power unit is .25 foot-candles. For further con- 
sideration of the law of inverse squares, see "Photometry." 

Illumination may be classified as useful — when used for the 
ordinary purposes of furnishing light for carrying on work, taking 
the place of daylight; and scenic — when used for decorative lighting 
such as stage lighting, etc. The two divisions are not, as a rule, 
distinct, but the one is combined with the other. 

Intrinsic Brightness. By intrinsic brightness is meant the 
amount of light emitted per unit surface of the light source. Table 
XII gives the intrinsic brightness of several light sources. 

TABLE XII 
Intrinsic Brilliancies In Candle-Power per Square Inch 



Source 


Brilliancy 


Notes 


Sun in zenith 


600,000) 




Sun at 30 degrees elv. 


500,000^ 


Rough equivalent values, tak- 


Sun on horizon 


2,000) 
10,000 ) 


ing account of absorption 


Arc light 


to [ 


Maximum about 200,000 in 




100,000 ) 


crater 


Calcium lieht 
Nemst "glower" 


5,000 




1,000 


Unshaded 


Incandescent lamp 


200-300 


Dcpendmg on efficiency 


Enclosed arc 


75-100 


Opalescent inner globe 


Acetylene flame 
Welsbach light 


75-100 




20 to 25 




Kerosene light 


4 to 8 


Variable 


Candle 


3 to 4 




Gas flame 


3 to 8 


Variable 


Incandescent (frosted) 


2 to 5 




Opal shaded lamps, etc. 


0.5 to 2 





Regular Reflection. Regular reflection is the term applied to 
reflection of light when the reflected rays are parallel. It is of such 
a nature that the image of the liglit source is seen in the reflection. 
The reflection from a plane mirror is an example of this. It is useful 
in lighting in that the direction of light may be changed without com- 
plicating calculations aside from deductions necessary to compensate 
for the small amount of light absorbed. 

Irregular Reflection. Irregular reflection, or diffusion, consists 
of reflection in which the reflected rays of light are not parallel but 
take various directions, thus destroying the image of the light source. 
Rough, unpolished surfaces give such reflection. Smooth, unpolished 
surfaces generally give a combination of two kinds of reflection. 
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Dififused reflection is very important in the study of illumination 
inasmuch as diffused light plays an important part in the lighting of 
interiors. This form of reflection is seen in many photometer screens. 
Light is also diffused when passing through semi-transparent shades 
or screens. 

In considering reflected light, we find that, if the surface on 
which the light falls is colored, the reflected light may be changed in 
its nature by the absorption of some of the colors. Since, as has been 
said, in interior lighting the reflected light forms a large part of the 
source of illumination, this illumination will depend upon the nature 
and the color of the reflecting surfaces. 

Whenever light is reflected from a surface, either by direct or 
diffused reflection, a certain amount of light is absorbed by the surface. 
Table XIII gives the amount of white light reflected from different 
materials. 

TABLE XIII 
Relative Reflecting Power 



Mats RIAL 



White blotting paper 

White cartridge paper . . . . 

Chrome yellow paper 

Orange paper 

Yellow wall paper 

Light pink paper 

Yellow cardboard 

Light blue cardboard 

Emerald green paper 

Dark brown paper 

Vermilion paper 

Blue-green paper 

Black paper 

Black cloth 

Black velvet 



82 
80 
62 
50 
40 
36 
30 
25 
18 
13 
12 
12 

5 

1.2 
.4 



From this table it is seen that the light-colored papers reflect the 
light well, but of the darker colors only yellow has a comparatively 
high coeflBcient of reflection. Black velvet has the lowest value, but 
this only holds when the material is free from dust. Rooms with 
dark walls require a greater amount of illuminating power, as will be 
seen later. 

Useful illumination may be considered under the following 
heads: 
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1. Residence Lighting. 

2. Lighting of Public Halls, Offices, Drafting Rooms, Shops, etc. 

3. Street Lighting. 

RESIDENCE LIGHTING 

Type of Lamps. The lamps used for this class of lighting are 
limited to the less powerful units — namely, incandescent or Nernst 
lamps varying in candle-power from 8 to 50 per unit. These should 
always be shaded so as to keep the intrinsic brightness low. The 
intrinsic brilliancy should seldom exceed 2 to 3 candle-power per 
square inch, and its reduction is usually accomplished by appropriate 
shading. Arc lights are so powerful as to be uneconomical for 
small rooms, while the color of the mercury-vapor light is an additional 
objection to its use. 

Plan of Illumination. Lamps may be selected and so located 
as to give a brilliant and fairly uniform illumination in a room; but this 
is an uneconomical scheme, and the one more commonly employed 
is to furnish a uniform, though comparatively weak, ground illumi- 
nation, and to reinforce this at points where it is necessary or desirable. 
The latter plan is satisfactory in almost all cases and the more eco- 
nomical of the two. 

While the use of units of different power is to be recommended, 
where desirable, lights differing in color should not be used for lighting 
the same room. As an exaggerated case, the use of arc with incan- 
descent lamps might be mentioned. The arcs being so much whiter 
than the incandescent lamps, the latter appear distinctly yellow when 
the two are viewed at the same time. 

Calculation of Illumination. In determining the value of illumi- 
nation, not only the candle-power of the units, but the amount of re- 
flected light must be considered for the given location of the lamps. 
Following is a formula based on the coefficient of reflection of the 
walls of the room, which serves for preliminary calculations: 

I = Illumination in foot-candles. 

r.p. = Candle-power of the unit. 

Jc = Coefficient of reflection of the walls. 

d = distance from the unit in feet. 
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Where several units of the same candle-power are used this 
formula becomes: 

,111 X 1 

I = cp. (^ + -^^ + ^-^ + )r^ 



or, c.p. = 



J_ ^ J_^ 1 



d} d?^ d}^ ^1-Jfe 



where d, d^, d,, etc., equal the distances from the point considered to 
the various light sources. If the lamps are of different candle-power, 
the illumination may be determined by combining the illumination 
from each source as calculated separately. An example of calculation 
is given under "Arrangement of Lamps." 

The above method is not strictly accurate because it does not 
take account of the angle at which the light from each one of the 
sources strikes the assumed plane of illumination. If the ray of 

light is perpendicular to the plane, the formula I == -^ gives cor- 
rect values. If a is the angle which the ray of light makes with a line 
drawn from the light source perpendicular to the assumed plane, 

then the formula becomes I = .^:PiJl^?!51^. Therefore, by 

multiplying the candle-power value of each light source in the direc- 
tion of the illuminated point by the cosine of each angle a, a more 
accurate result will be obtained. 

It is readily seen that the effect of reflected light from the ceilings 
is of more importance than that from the floor of a room. The value 
of ky in the above formula, will vary from 60% to 10%, but for rooms 
with a fairly light finish 50% may be taken as a good average value. 

The amount of illumination will depend on the use to be made of 
the room. One foot-candle gives sufficient illumination for easy 
reading, when measured normal to the page, and probably an illumi- 
nation of .5 foot-candle on a plane 3 feet from the floor forms a suffi- 
cient ground illumination. The illumination from sunlight reflected 
from white clouds is from 20 foot-candles up, while that due to moon- 
light is in the neighborhood of .03 foot-candles. It is not possible to 
produce artificially a light equivalent to daylight on account of the 
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great amount of energy that would be required and the difficulty of 
obtaining proper diffusion. 

The method of calculating the illumination of a room that has 
just been described is known as the point^^point method and it 
gives very accurate results if account is taken of the angle at which 
the light from each source strikes the plane of illumination and if 
the light distribution curves of the units, and the value of k, have been 
carefully determined. Under these conditions the calculations be- 
come extended and complicated and methods only approximate, but 
simpler in their application, are being introduced. One method, 
which gives good results when applied to fairly large interiors, makes 
the flux of light from the light sources the basis of calculation of the 
average illumination. 

Flux of light is measured in lumens and a lumen may be defined 
as the amount of light which must fall on one square foot of surface 
in order to produce a uniform illumination of an intensity of one foot- 
candle. A source of light giving one candle-power in every direction 
and placed at the center of a sphere of one foot radius would give an 
illumination of one foot-candle at every point in the surface of the 
sphere and the total flux of light would be 47r, or 12.57, lumens since 
the s^resL of the sphere would be 47r, or 12.57, sq. ft. A lamp giving 
one mean spherical candle-power gives a flux of 12.57 lumens and 
the total flux of light from any source is obtained by multiplying its 
mean spherical candle-power by 12.57. In calculating illumination 
it is customary to determine the illumination on a plane about 30 
inches from the floor for desk work, and about 42 inches from the 
floor for the display of goods on counters. If we determine the total 
number of lumens falling on this plane and divide this number by 
the area of the plane, we obtain the average illumination in foot- 
candles. This of course tells us nothing about the maximum or 
minimum value of the illumination and such values must be obtained 
by other methods if they are desired. Reflected light, other than that 
covered by the distribution curve of the light unit including its re- 
flector, is usually neglected in this method of calculation. 

We may assume that in large rooms the light coming from the 
lamp within an angle of 75 degrees from the vertical reaches the plane 
of illumination. In smaller rooms this angle should be reduced to 
about 60 degrees. In order to determine the flux of light within this 
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angle a Rousseau diagram, which is described later, should be drawn. 
By the means of this diagram the average candle-power of the light 
source within the angle assumed may be readily determined and this 
mean value, multiplied by 12.57, will give the flux of light in lumens. 
This method of calculation, together with some guides for its rapid 
application, is described by Messrs. Cravath and Lansingh in the 
"Transactions of the Illuminating Engineering Society, 1908." The 
same authorities give the following useful data: 

To determine the watts required per square foot of floor area, 
multiply the intensity of illumination desired by the constants given 
as follows: 

INTENSITY CONSTANTS FOR INCANDESCENT LAMPS 

Tungsten lamps rated at 1.25 watts per horizontal candle-power; clear 
prismatic reflectors, either bowl or concentrating; large room; light 
ceiling; dark walls; lamps pendant; height from 8 to 15 feet .25 

Same with very light waUs 20 

Tungsten lamps rated at 1.25 watts per horizontal candle-power; pris- 
matic bowl reflectors enameled; large room; light ceiling; dark 

walls; lamps pendant, height from 8 to 15 feet 29 

Same with very light walls 23 

Gem lamps rated at 2.5 watts per horizontal candle-power; clear pris- 
matic reflectors either concentrating or bowl; large room; light 

ceiling; dark walls; lamps pendant; height from 8 to 15 feet 55 

Same with very light walls 46 

Carbon filament lamps rated at 3.1 watts per horizontal candle-power; 
clear prismatic reflectors either bowl or concentrating; light ceiling; 
dark walls; large room; lamps pendant; height from 8 to 15 feet. . .65 

Same with very light walls 55 

Bare carbon filament lamps rated at 3.1 watts per horizontal candle- 
power; no reflectors; large room; very light ceiling and walls; 

height from 10 to 14 feet .75 to 1.5 

Same; small room; medium walls 1.25 to 2.0 

Carbon filament lamps rated at 3.1 watts per horizontal candle-power; 
opal dome or opal cone reflectors; light ceiling; dark walls; large 

room; lamps pendant; height from 8 to 15 feet 70 

Same with light walls 60 

INTENSITY CONSTANTS FOR ARC LAMPS 

5-ampere, enclosed, direct-current arc on 110-volt circuit; clear inner, 
opal outer globe; no reflector; large room; light ceiling; medium 
walls; height from 9 to 14 feet 50 

Arrangement of Lamps. An arrangement of lamps giving a 
uniform illumination cannot be well applied to residences on account 
of the number of units required, and the inartistic effect. We are 
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limited to chandeliers, side lij^ts, or eeOing lights, in the majoritjr 
of cases, with table or reading lamps for special illumination. 

When ceOing lamps are used and die ceilings are higHf aome 
form of reflector or reflector lamp is to be reconunended* In any 

case where. the coefficient of reflection ot the 
T ceilings is less than 40%, it is more eoonomical 
to use reflectors. When lamps are mounted 
on chandeliers, the illumination is far from 
uniform, being a maximum in the neighbor- 
hood of the chandelier and a minimum at tfie 
comers of the room. By combining chande- 
liers with side lights it is generally possible to 
^ get a satisfactory arrangement of lighting for 
T small or medium-sized rooms. 
^ As a check on the candle-power in lamps 
^required, we have the following: 

▼ For brilliant fllumination allow one candle- 

Pig. 53. DUgnun Showing P^wer per two square feet of floor space. In some 
Method of Calculating f>articular cases, such as baU rooms, this may be 
Room UluminatioQ. increased to one candle-power per square foot. 

For general illumination allow one candle-power 
for four square feet of floor space, and strengthen this illumination with the 
aid of special lamps as required. The location of lamps and the height of 
ceilings will modify these figures to some extent. 

As an example of the calculation of the illu- 
mination of a room with different arrangements 
of the units of light, assume a room 16 feet 
square, 12 feet high, and with walls having a S ' 
coefficient of reflection of 50%. Consider first 
the illumination on a plane 3 feet above the 
floor when lighted by a single group of lights 
mounted at the center of the room 3 feet below 
the ceiling. If a minimum value of .5 foot- 
candle is required at the corner of the room, 
we have the equation (first method outlined) : 

1 ^ 1 




.5 = 




12.8^ 



1 - .5 



Since d =i/8* + 8^ + 62 
Fig. 53) 



__ 12.8 fsee ^^•^^- Diagram for Four 
^ 8-c. p. Lamps on 

Side WaU. 
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Solving the above for the vahie of c. p., we have 

c, p. =- -^ .5 X «2 = 41 

y i 

164 .5 

Three 16-candle-power lamps would serve this purpose very 
well. 

Determining the illumination directly under the lamp, we have: 

2.7 foot-candles, or five times the value of the illumination at the 
corners of the room. 

Next consider four 8-candle-power lamps located on the side 
walls 8 feet above the floor, as shown in Fig. 54. Calculating the 
illumination at the center of the room on a plane three feet above 
the floor, we have: 



89 89 89 89 ' 1-. 5 

d» = 8» + 5' = 64 + 25 - 89 

4 
I = 8 X -^ X 2 = .72 foot-candles 

The illumination at the corner of the room would be 
I = SC-JL + ^r + ^F+o-lr) ^ 



89 89 345 345 " 1 - .5 
=8(-|- + -|- ) X 2 = .45 footK^andles. 

In a similar manner the illumination may be calculated for any 
point in the room, or a series of points may be taken and curves plotted 
showing the distribution of the light, as well as the areas having the 
same illumination. Where refined calculations are desired, the dis- 
tribution curve of the lamp must be used for determining the candle- 
power in different directions. Fig. 55 shows illumination curves for 
the Meridian lamp as manufactured by the General Electric Com- 
pany. This is a form of reflector lamp made in two sizes, 25 or 5) 
candle-power. Fig. 56 gives the distribution curves for the 50- 
candle-power unit. Similar incandescent lamps are now being 
manufactured by other companies. 
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Table XIV gives desirable data in connection with the use of 
ttie Meridian lamp. 




Fig. 55. Illumination Curves for a G. E. Meridian Lamp. 

TABLE XIV 
Illuminating Data for Meridian Lamps 



Class Service 



Intensity 
lu Foot- 
candles 



No. 1 Lamp (60 Watts) 



Height of 
Lanip and 
Diameter 
of Uni- 
formly 
LliJjhled 
Area 



Desk or Reading 
faljle 



General Lighting 



Distance 

between 

I^amps 

v\h<*n Two 

or more 

are Used 



No.2 Lamp(120 Watts) 



Height of 
r..:imp and 
Diameter 
of Uni- 
formly 
Llj<hted 
Area 



8 
2 

n 



3 
4 

h 



2.9 feet 
3 5 " 
4 



(« 



o 
5 
7 



r " " 
.) . i i) 






4.9 feet 
6 

7 



Distance 
between 
Lamps 
when Two 
or more 
are Used 



Watts 

per Sq. Ft. 

of Area 

Lighted 

with 

either 

Lamp 



(( 



S.5 
9.8 
12 



(I 



4 feet 
5 
5.75 " 


7 feet 
8.5 " 
9.8 '' 


2.50 
1.6G 
1.25 


7 

S.2 '• 


12 " 
13.9 " 


0.83 
0.62 



10 



(< 



11 



<( 



0.41 



By means of the Weber, or some other form of portable photom- 
eter, carves as plotted from calculations may l)e readily checked 
after the lamps are iastalled. When lamps are to be permanently 
located, the question of illumination becomes an important one, and 
it may be desirable to determine, by calculation, the illumination 
curves for each room before iustiilling the lamps. This applies to 
the lighting of large interiors more particularly than to residence 
lighting. The point-by-point method of calculation is used for 



156 



FXECTRIC LIGHTING 



very accurate work when tlie system of illumination admits of this 
method. Other methods are often simpler and sufficiently accurate 
for practical work. 
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Fig' G6' DiKtributlon Curve tor a O. E. SO-c. p. Meridian Lamp. 

Dr. Louis Bell gives the following in connection with residetice 

liehtine: 

TABLB XV 
ResUeoco Ltghtlnc DaU 



Boon 


S 


18 


32 


Sq fT. 


Kk»,«i.k* 


H»ll, 15' X 20' 

Library, 20' X 20',., 
Reception room, Ifi' X 15'.. 

Music room, 20' x 25' 

Dining room, 15- X 20' 

BiUiard room, 15' X 20'.. . . 


S 
)2 

4 
12 
14 

10 
A 


14 
4 
3 
3 
3 
3 


t 

2 

4 
1 


4 T 
3 1 
7 

:i,o 

2 7 
2 3 

7.0 
4-7 
9 4 
5.0 


8-c-p. reflpctor lamps 

a reflector lampa 
a2-c.p.with rcflcctora 


BedrooraB (6), 15' X 15' 

Dre»ii.groome(2),10'X15'. 
Servants' rooms (3), 10- X 15' 

BathroomB (3), S' X 10' 

Kitchen, 15' X 16' 1 

Pantry, 10" X 15' [ 

Halls ( 




ClosctB(4) 


Ryflcclrir liimpa 


Total 


C4 


30 


S 


1 



64 ELECTRIC LIGHTING 

LIQHTINQ OF PUBLIC HALLS, OFFICES, ETC. 

Lighting of public halls and other large interiors differs from the 
illumination of residences in that there is usually less reflected li^t, 
and, again, the distance of the light sources from the plane of illumi- 
nation is generally greater if an artistic arrangement of the lights is 
to be brought about. This in turn reduces the direct illumination. 
The primary object is, however, as in residence lighting, to produce 
a fairly uniform ground illumination and to superimpose a stronger 
illumination where necessary. An illumination of .5 foot-candle for 
the ground illumination may be taken as a minimum. 

In the lighting of large rooms it is permissible to use larger light 
units, such as arc lamps and high candle-power Nemst or incan- 
descent ujiits, while for factory lighting and drafting rooms, where 
the color of the light is not so essential, the Cooper-Hewitt lamp is 
being introduced. High candle-power reflector lamps, such as the 
tungsten lamp, are being used to a large extent for offices and drafting 
rooms. 

The choice of the type of lamp depends on the nature of the 
work. Where the light must be steady, incandescent or Nemst 
lamps are to be preferred to the arc or vapor lamps, though the latter 
are often the more efficient. When arcs are used, they must be care- 
fully shaded so as to diffuse the light, doing away with the strong 
shadows due to portions of the lamp mechanism, and to reduce the 
intrinsic brightness. Such shading will l)e taken up under the head- 
ing '^Shades and Reflectors." Arcs are sometimes preferable to 
incandescent lamps when colored objects are to be illuminated, as in 
stores and display windows. 

In locating lamps for this class of lighting, much depends on the 
nature of the building and on the degree of economy to be observed. 
For preliminary determination of the location of groups, or the illumi- 
nation when certain arrangement of the units is assumed, the prin- 
ciples outlined under "Residence Lighting" may be applied. It has 
been found that actual measurements show results approximating 
closely such calculated values. 

\Mien arcs are used they should be placed fairly high, twenty 
to twenty-five feet when used for general illumination and the ceilings 
are high. They should be supplied with reflectors so as to utilize 
the light ordinarily thrown upwards. \\Tien used for drafting-room 
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work, they should be suspended from twelve to fifteen feet above 
the floor, and special care must be taken to diffuse the light. 

Incandescent lamps may be arranged in groups, either as side 
lights or mounted on chandeliers, or they may be arranged as a frieze 
running around the room a few feet below the ceiling. The last 
named arrangement of lights is one that may be made artistic, but it 
is uneconomical and when used should serve for the ground illumina- 
tion only. Reflector lights may be used for this style of work and 
the lights may be entirely concealed from view, the reflecting prop- 
erty of the walls being utilized for distributing the light where needed. 

Ceiling lights should preferably be supplied with reflectors, 
especially when the ceilings are high. 

Indirect lighting is employed to some extent. By indirect 
lighting we mean a system af illumination in which the light sources 
are concealed and the light from them is reflected to the room by the 
walls, or ceilings, or other surfaces; or in which the light sources are 
placed above a diffusing panel. In the latter case the diffusing plate 
apf ears to be the source of light. In some cases the walls themselves 
are shaped and constructed so as to form the reflectors for the light 
uTiVs (cove lighting), but in others all of the reflecting surfaces, except 
the side walls and ceiling, are made portions of the lamp fixtures. 

Tables XVI and XVII give data on arc and mercury-vapor 
laL ips for lighting large rooms. Table XVII refers to arc lights as 
actMallv installed. 

TABLB XVI 
Cooper- Hewitt Lamps 



Service 


Height of Lamp 


C. P. OF Unit 


Av. Area per Lamp 
IN Square Feet 


Fnundry 


10-15 ft. 


300 


900 


4t " 


20-25 *' 


700 


2250 


M^hine shop 


10-15 " 


300 


500 


Frecting shop 


20-30 " 


700 


1250 


Drafting room 


15 


300 


300 


it tt 


20 


700 


400 


( ffices 


10-15 " 


300 


400 


tt 


20-25 " 


700 


750 


* *rdinary labor 


10-15 " 


300 


1100 


tt tt 


20-25 " 


700 


2750 



159 



66 



ELECTRIC LIGHTING 



t 

J 



> 


1 


X 


is 


u 




•J 


1 




U 




6 




•M 




J3 




M 




2 



M H 

M OQ 



3 



2"»8 



00 CO 



eo 



2^ gQ'^b 




M 












2^S 



CO c« 

o ^ 



s 



e4 00 




o 

H 

n 

CO 

5 



I 



00 






s 



<0 ^ 

eo c< 




e 






s 
s 



3 



e« 






tS'S 



CI 

o 



c« 

to 



M ^ 





I 



lo t^ e 
r^ c« o « 



00 ^ 



C4 
C« 



s ^ 



r^ e« 



»« s 



CI 



eo 




H 

u ■ 
< CO 



CI 



I • 

a o :- 



a 



00 



^ o <D CI "a 

eo CI Q <D & 



8 



o 
« PS 



g 



3 
2^u 



eo 

C« lO 


00 


:8*S ;3 

• 
• 


00 




I 






00 

eo 



S3 



C« 

eo 



^9 



3 



CO u) 





^ 




00 








CI 


00 


C) 




to 


• r* 


»^ 


t* 


M 


S 


00 


• o 




^^ 


^4 


00 


• CO 








CI 





^ J fe lO 
«8 -e 3 3 O '* 

H < O CI 



o 

•^ It 
2" 



3 



a* 

CD 



CI 



CI 

CD 



O ^^ r') V O 1^ eo 
Q ^^ f-> ^ 



^^ *r* b Mk 

^coiOft^oo2*Q 



CO 



" 8 




160 



SKYUGHT WORK* 



The upper fllustration shows the layout of a flat pitched skylight whose 
curb measures 6' — (Tx?' — 6^^, the run of the rafter or length of the glass being 
6' 0^ on a horizontal line. Five bars are required, making the glass 15 inches 
wide A working section through AB and CD is sho\ni below. 

It will be noticed in the section through AB that the flashing is locked to 
the roofing and flanged around the inside of the angle iron construction; over 
this the curb of the skylight rests, bolted through the angle iron as shown, the 
bolt being capped and soldered to avoid leakage. 

The same construction is used in the section througli CD, with the excep- 
tion, that when the flashing cannot be made in one piece, a cross lock is placed 
in the manner indicated, over the fireproof blocks. 



* The illustration referred to will be found on the back of this pags. 
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FOR ETPLANATION Of THIS PBOBLiUl SEK SACK OV PASS 



SHEET METAL WORK 



PART I 



^WevL^.^^- V. .N-^'/j V^/-^>^ -^ 



SKYLIGHT WORK 



Where fonnerly skylights were constructed from wrought iron 
or wood, to-day in all the large citiies they are being made of galvanized 
sheet iron and copper. Sheet metal skylights, having by their peculiar 
construction lightness and strength, are superior to iron and wooden 
lights; superior to iron lights, inasmuch as there is hardly any expan- 
sion or contraction of the metal to cause leaks or breakage of glass; and 
superior to wooden lights, because they are fire, water and condensar 
tion^proof 9 and being less clumsy, admit more light. 

The small body of metal used in the construction of the bar and 
curb and the provisions which can be made to carry off the inside con- 
densation, make sheet metal skylights superior to all others constructed 
from different material. 

CONSTRUCTION 

The construction of a sheet metal skylight is a very simple matter, 
if the patterns for the various 
intersections are properly devel- 
oped. For example, the bar 
shown in Fig. 145 consists of a 
piece of sheet metal having the 
required stretchout and length, 
and bent by special machinery, 
or on the regular cornice brake, 
into the shape shown, which rep- 
resents strength and rigidity with 
the least amount of weight. A A 
represent the condensation gut- 
ters to receive the condensation 





Fig. 145. 



Fig. i4e. 



from the inside when the warm air strikes against the cold siurfaoe of 
the glass, while B B show the rabbets or glass-rest for the glass. 

In Fig. 146i C C is a re-enforcing .strip, which is used to hold the 
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two walls O O together and impart to it great rigidity. When skylight 

bars are required to bridge long spans, an internal core is made of 

sheet metal and placed as shown at A in Fig. 147, which adds to its 

weight-sustaining power. In this figure B B shows the glass laid on 

a bed of putty with the metal cap 
C C C, resting snugly against the 
glass, fastened in position by the 
rivet or bolt D D. Where a very 
large span is to be bridged a bar 
^ similar to that shown in Fig. 148 is 
used. A heavy core plate A made 
of J-inch thick metal is used, riveted 
or bolted to the bar at B and B. In 
construction, all the various bars 
terminate at the curb shown at A B 
C in Fig. 149, which is fastened to 
^*K* ^'^^' the wooden frame D E. 

The condensation gutters C C in the bar 6, carry the water into 

the internal gutter in the curb at a, thence to the outside through holes 

provided for this purpose at F F. In Fig. 150 is shown a sectional 

view of the construction of a double-pitched 

skylight. A shows the ridge bar with a core in 

the center and cap attached over the glass. B 

shows the cross bar or clip which is used in 

large skylights where it is impossible to get the 

glass in one length, and where the glass must 

be protected and leakage prevented by means 

of the cross bar, the gutter of which conducts 

the water into the gutter of the main bar, 

thence outside the curb as before explained. 

C is the frame generally made of wood or angle 

iron and covered by the metal roofer with flash- „ 

^ . Fig. 148. 

ing as shown at F. D shows the skylight bar 

witli a)re showing the glass and cap in position. E is the metal curb 

against which the bars terminate, the condensation being let out 

through the holes shown. 

In constructing pitched skylights having double pitch, or being 

hipped, the pitch is usually one-third. In other words it is one-third 
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of the span. If a skylight were 12 feet wide and one-third pitch were 
required, the rise in the center would be one-third of 12, or 4 feet. 
When a flat skylight is made the 
pitch is usually built in the w^ood 
or iron frame and a flat skylight 
laid over it. The glass used in 
the construction of metallic sky- 
lights is usually J-inch rough or 
ribbed glass; but in some cases 
heavier glass is used. 

If for any reason it is desired 
to know the weight of the various 
thickness of glass, the following 
table will prove valuable. 

Weight of Rough Glass Per 
Square Foot. 

Thickness in inches. 

«• ly* t* 8* 2' %' 4' !• 

Weight in pounds. 

2. 2J. 3*. 5. 7. 8h. 10. 12^. 




Fig. 149. 




Fig. 150. 
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SHOP TOOLS 

In the smaller shops the bars are cut with the hand shears and 
formed up on the ordinary cornice brake. In the larger shops, the 
strips required for the bars or curbs are cut on the large squaring 
shears, and the miters on the ends of these strips are cut on what is 
known as a miter cutter. This machine consists of eight foot presses 
on a single table, each press having a different set of dies for the purpose 
of cutting the various miters on the various bars. The bars are then 
formed on what is known as a Drop Press in which the bar can be 
formed in two operations to the length of 10 feet. 

METHOD EMPLOYED IN OBTAINING THE PATTERNS 

The method to be employed in developing the patterns for the 
various skylights is by parallel lines. If, however, a dome, conserva- 
tory or circular skylight is required, the blanks for the various curbs, 
bars, and ventilators, are laid out by the rule given in Sheet Metal 
Work, Part IV, under **Ch-cular Work". 

VARIOUS SHAPES OF BARS 

In addition to the shapes of bars shown in Figs. 145 to 148 in- 
clusive, there is shown in Fig. 151a plain bar without any condensation 
gutters, the joint being at A. B B represents the glass resting on the 
rabbets of the bar, while C shows another form of cap which covers 




B 
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Fig. 152. Fig. 153. 

the joint between the bar and glass. Fig. 152 gives another form of 
bar in which the condensation gutters and bar are formed from one 
piece of metal with a locked hidden seam at A. Fig. 153 shows a bar 
on which no putty is required when glazing. It will be noticed that 
it is bent from one piece of metal with the seam at A, the glass B B 
resting on the combination rabbets and gutters C C. D is the cap 
which is fastened by means of the cleat E. These cleats are cut about 
i-inch wide from soft 14-oz copper, and riveted to the top of the bar 
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at F; then a slot is cut into the cap D as shown from a to 6 in Fig. 154; 
then the cap is pressed firmly onto the glass and the cleat E turned 
down which holds the cap in position. 

When a skylight is constructed in which rising sashes are re- 
quired, as shown in Fig. 155, half bars are required at the sides A and 
B, while the hars on each side of the sash to be 
raised are so constructed that a water-tight joint 
is obtained when closed. This is shown in Fig. 
156, which is an enlarged section through A B in 
Fig. 155, Thus in T^. 156, A A represents the 
two half bars with condensation gutters as shown, 
the locked seam taking place at B B. C C repre- 
sent the two half bars for the rusing sash with the caps D D attach- 
ed to same, as shown, so that when the sash C C b closed, the caps 




Fig. 164. 




Fig. 156. 
D D covet the jomt between the glass E E and the stationary half 
bars. F F are the half caps soldered at a a to the bars C C which 
protect the joints between the glass H H and the bars C C. 

VARIOUS SHAPES OF CURBS 
In Figs. 157, 158 and 159 
are shown a few shapes of curbs 
which are used in connection 
with flat skylights, .A in Fig. 
157 shows the curb for the three 
sides of a flat skylight, formed in 
piece with a joint at B, while 



s& 




Fig. 156. 



C ^ows the cap, fastened as previously described. "A" shows the 
hdght at the lower end of the curb, wh'di is made as high as the 
glass is thick and allows the water to fun over. In Fig, 158, A is 
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another fonn of sl^light formed in one piece and riveted at B; 
a shows the hei^t at the lower end. In the previous figures the frame 
on whicli the metal curb rests is of wood, while in I^g. 159 the frame is 




Fig. 157. Fig, 153. 

of angle iron shown at A. In thb c 




Fig. 159. 
B the curb is slightly changed 
as shown at B ; lient in one piece, and riveted at C. In Figs. 160, 161, 
and 1C2 are sliown various shapes of cui'bs for pitched skylights in 
a<l(Iition to tliat sliouTi in Fig. 149. A in Fig. 160 shows a curb formed 
in one piece from a to 6 with a condensation hole or tube shown at B. 




Fig. lf.n. Fig. IGl. Fig. 162. 

In Fig. 101 is sliown a slightly modified shape A, witli an offset to 
r&st on tlie curb at B. Wlien u skylight is to be placed over an opening 
whose walls are brick, a gutter is usually placed around the wall, as 
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shown in Pig. 162, in which A represents a section of the wall on which 
Q, gutter, B, is hung, formed from one piece of metal, as shown from a 
to 6 to c. On top of this the metal curb C is soldered, which is also 
formed from one piece with a lock seam at t. To stiffen this curb a 
wooden core U slipped inside as shown at D. Prom the inside con- 
densation gutter / a 14-oz. copper tube runs through the curb, shown 
at d. The condensation from the gutter e in the bar, drips into the 
gutter /, out of the tube d, into the main gutter B, from which it is con- 
veyed to the outside by a leader. 

In Fig. 163 is shown an enlarged section of a raising sash, taken 
through C D in Fig. 155. A in Fig. 163 shows the ridge bar, B the 
lower curb and C D the side sections of the bars explained in connec- 
tion with Fig. 156. E F in h 
Fig. 163 shows the upper i 
frame of the raising sash, fit- 
ting onto the half ridge bar 
A. On each raising sash, at 
the upper end two hinges H 
are riveted at E and I, which 
allow the sash to raise or close 
by means of a cord, rod, or 
gearings. J K shows the 
lower frame of the sash fitting 
ovef the curb B. Holes are 
punched at a to allow the 
condensation to escape into 6, 
thence to the outside through Fig. 163. 

C. Over the hinge H a hood or cap is placed which prevents 
leakage. Fig. 164 shows a section through A B in Fig. 167 and rep- 
resents a hipped skylight having one-tliird pitch. By a skylight of 
one-third pitch is meant a skylight whose altitude or height A B, is equal 
to one-third of the span C D. If the skylight w^as to have a pitch of 
one-fourth or one-fifth, then the altitude A B would equal one-fourth 
or one-fifth respectively of the span C D. 

The illustration shows the construction of a hipped skylight with 
ridge ventilator w^hich will be briefly described. C D is the curb; E E 
the inside ventilator; F F the outside ventilator forming a cap over the 
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glass at a. G shows the hood held in position by two cross braces H, 
J represents a section of the common bar on the rabbets of which the 
glass K K rests. L shows the condensation gutters on the bar J, 




Fig. 164. 



whic^ are notched out as shown at M, thus albwing the drip to enter 
the gutter N and discharge through t]ie tube P. The foul ur e 
under the hood G as shown by the arrow. 
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VARIOUS STYLES OF SKYLIGHTS 

In Fig. 165 is sliown what is known as a single-pitch light, and is 
placed on a curb made by the carpenter which has the desired pitch. 




Fig. 166. 
These sl^lights are chiefly used on steep roofs as shown in the illua- 
traUon, and made to set on a wooden curbs pitching the same as the 




Fig. 107. 
roof, the curb first being flashed. Ventilation is obtained by raising 
one or more lights by means of gearings, as shown in Fig. 155. 
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Fig. 166 shows a double-pitch skylight. Ventilation is obtained 
by placing lou^Tes at each end as shown at A. Fig. 167 shows a 
skylight with a ridge ventilator. The corner bar C is called the hip 
bar; the small bar D, mitering against tlie corner bar, is called the jack 
bar, while E is called the common bar. Fig. 168 illustrates a hip mon- 
itor skylight with glaze<l opening sashes for ventilation. These sa^es 
can be opened or closed separately, by means of gearings similar to 
those shown in Fig, 177 In Fig, 169 is shown the method of raising 




Fig. IG'J. 

sashes in conservatories, {freenhoiises, etc., the same apparatus being 
applicable to l>oth metal ami wooiien sa.shes. Fig. 170 shows a view 
of a photograplier's skylight ; if dcsircil, the vertical sashes can be made 
to open. 

In Fig. 171 is shown a flat extension skylight at the rear of a store 
or building. The ii)>per side and ends arc flashed into the brick work 
and ma<le water-tight with waterproof cement, while the lower side 
rests on the rear wall to which it is fastened. In some cases the rear 
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gutter is of cast iron, put up by the iron worker, but it is usually made 
of No. 22 galvanized iron, or 20-oz. cold-rolled copper. To receive 
the bottom of the gutter and skylight, the wall should be covered by a 
wooden plate A, Fig. 172, about two inches thick, and another plank 
set edgeways flush with the inside of the wall, as shown at B. TTie 
two planks are not required when a cast iron gutter is used. 

Fig. 173 shows a hipped skylight without a ridge ventilator, set 
on a metal curb in which louvres have been placed. These louvres 
may be made stationary or movable. ^Vhen made movable, they are 




Fig. 170. 

constructed as shown in Fig. 174, in which A shows a perspective view, 
B shows them closed, and C open. They are operated by the quad- 
rants attached to the upright bars a and h, which in turn are pulled up 
and down by cords or chains worked from below. ^Vhen a skylight 
has a very long span, as in Fig. 175, it is constructed as shown in Fig. 
176, in which A represents a T-beam which can be trussed if necessM-y. 
This construction allows the water to escape from the bottom of the 
upper light to the outside of the top of the lower skylight, the curb C 
of the upper light fitting over the curb B of the lower light. 
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In Fig. 177 is shown the method of applying the gearings A 
shows the s)<le view of the metal or wooden sash partly opened, B the 




Fig. 171. 

end of the main shaft, and C the binder that fastens the main shaft to 
the upright or rafter. D shows the quadrant wheel attached to main 
shaft aod E is the worm wheel, geared to the quadrant D, commun- 
icating motion to the whole shaft. 
F is a liinged arm fastened to the 
main shaft B and hinged to the 
sash. By turning the hand-whee I 
the sash can be opened at any 
angle. 

DEVELOPMENT OF PATTERNS 
FOR A HIPPED SKYLIGHT 
The following illustrations 
and text will explain the princi- 
ples involved in developing the 
pattern." for the ventilator, curb, 
hip bar, common bar, jack bar, 
and cross bar or clip, in a 
hipped skylight. These princi- 
ples are also applicable to any otlier form of light, whether flat, 
double-pitch, sinple-Ditc^. etc. 
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In Fig. 178 is shown a half section, a quarter pl«t, and S 
diagonal elevation of a hip bar, including the patterns for the curb, 
hip, jack, and common bars. The method of making these drawings 
will be expltuned in detail, so that the student who pays close attentioii 




will have no difficulty in laying out any patterns no matter what the 
pitch of the skylight may be, or what angle itu plan may have. 

First draw any center line as A B, at right angles to which lay off 
C 4', equal to 12 inches. Assuming that the light is to have one-third 





Fig. 174. 
pitch, then make the dbtance C D equal to 8 inches whldi is one-third 
of 24 incjies, and draw the slant line D 4.' At right angles to D 4' place 
a secdon of the common bar as shown by E, through which draw lines 
parallel to D 4', intersecting the curb shown from a to / at the bottom 
and the inside section of the ventilator from F to G at the top. At 
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p1eaaui« drav the section of die outade vent shown from A to / and the 
hood shown txom ratio p. X represents the section of the brace restiing 
on t j' to uphold the hood resting on it in tiie comer o. The ooodensa- 




Fig. 175. 
tion gutters of the common bar E are cut out at the bottom at 5' 6' 
which allows the drip to go into the gutter defoi the curb and pass 
out of the opening indicated by the arrow. Number the comers of 
each half of the common bar section E as shown, from 1 to 6 on each 
side, through which draw lines 
parallel to D 4' until they inter- 
sect the curb at the bottom as 
shown by similar nu-nbers 1' to 
C, and the inside ventilator at the 
top by similar figures 1* to 6*. 
This completes the one half-sec- 
tion of the skylight Prom this 
section the pattern for the com- 
mon bar can be obtfuned without 
tlie plan, as follows: 
At right angles to D 4' draw the line I J upon which place the 
stretdiout of tlie section E as shown by similar figures on I J. Through 
these small figures, and at right angles to I J, draw lines, and intersect 
lliem by lines drawn at right angles to D 4' from similarly numbered 
intersections 1' to 6' on the curb and 1' to C on the inside ventilator. 
Trace a line through points thus obtained ; tlien A' B' O D' will be the 
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pattern for the common bar in a hipped skylight. The same method 
would be employed if a pattern were developed for a flat or a double- 
pitch light. From this same half section the pattern for the curb is 
developed by taking the stretchout of the various corners in the curb, 
abS' i' cde and f, and placing them on the center line A B as shown 
by similar letters and figures. Through these divisions and at right 
angles to A B drawlines which intersect with lines drawn at right 
angles to C 4' from similar points in tlie curb section a f. Trace a line 
through points thus obtained ; then E' F" / a will be the half pattern for 
the curb shown in the half section. Y represents the condensation hole 
to be punched into the pattern between each light of glass in the sl^- 
Ugfat. As the portion c d turns up on c 4', use r as a centn, and with 




Fig. 177. 
the radius r s strike the semicircle shown. Above this semicircle 
punch the hole V. 

Before the patterns can be obtained for the hip and jack bars, a 
quarter plan view must be constructed which will give the points of 
intersections between the hip bar and curb, between the hip bar and 
vent, or ridge bar, and between the hip and jack bar. Therefore, from 
any point on the center line A B as K, draw K L at right angles to A B. 
As the skylight forms a right angle in plan, draw from K, at an angle 
of 45°, the hip or diagonal line K 1°. Take a tracing of the common 
bar section E with the various figures on same, and place it on the hip 
line K 1° in plan so that the points 1 4 come directly on the hip as 
shown by E'. 'Hirough the vaJious figures draw lines parallel to K 1° 



KP-TTt^KN rtm 




SHEET METAI. WORK 149 



one-half of which are intersected by vertical lines drawn parallel to A 
B from similar points of intersection 1' to 6' on the curb, and I'' to 6^^ 
on the ventilator in the half section, as shown respectively in plan by 
intersections 1° to 6° and 1^ to 6^. Below the hip line K 1° trace the 
opposite intersection as shown. It should be understood that the 
section E^ in plan does not indicate the true profile of the hip bar 
(which must be obtained later), but is only placed there to give the hori- 
zontal distances in plan. In laying out the work in practice to full size, 
the upper half intersection of the hip bar in plan is all that is required. 
It will be noticed that the points of intersections in plan and one half 
section have similar numbers, and if the student will carefully follow 
each point the method of these projections will become apparent. 

Having obtained the true points of intersections in plan the next 
step is to obtain a diagonal elevation of the hip bar, from which a true 
section of the hip bar and pattern are obtained. To do this draw any 
line as R M parallel to K 1^. This base line R M has the same eleva- 
tion as the base line C 4' has in the half section. From the various 
points 1° to 6° and l'^ to 6^^ in plan, erect lines at right angles to K 1° 
crossing the line R M indefinitely. Now measuring in each and every 
instance from the line C 4' in the half section take the various distances 
to points D r 2" Z" 4" h" and ^^ at the top, and to points 1' 2' 3' 4' 5' 
and 6' at the bottom, and place them in the diagonal elevation meas- 
uring in each and every instance from the line R M on the similarly 
numbered Unes drawn from the plan, thus locating respectively the 
points N r 2^ 3^ 4^ 5^ and 6^ at the top, and V 2' 3' 4' 5' and 6^ at 
the bottom. Through the points thus obtained draw the miter lines 
1* to 6^ and 1^ to 6^ and connect the various points by lines as shown, 
which completes the diagonal elevation of the hip bar intersecting the 
curb and vent, or ridge. To obtain the true section of the hip bar, 
take a tracing of the common bar E or E^ and place it in the position 
shown by E', being careful to place the points 1 4 at right angles to 
1*^ 1' as shown. Prom the various points in the section E* at right 
angles to 1^ 1^ draw lines intersecting similarly numbered lines in the 
diagonal elevation as shown from 1 to 6 on either side. Connect these 
points as shown; then E* will be the true profile of the hip bar. Note 
the difference in the two profiles; the normal E' and the modified E^ 

Having obtained the true profile E* the pattern for the hip bar is 
obtained by drawing the stretchout line O P at right angles 1"^ 1^. 



179 



150 SHEET METAL WORK 



Fake the stretchout of the profile E^ and place it on O P as shown by 
similar figures. Through these small figures and at right angles to 
O P draw lines which intersect by lines drawn at right angles to 1*^ 1' 
from similarly numbered points at top and bottom, thus obtaining the 
points of intersections shown. A line traced through the points thus 
obtained, as shown by H^ P K* L* will be the pattern for the hip bar. 

For the pattern for the jack bar, take a tracing of the section of the 
common bar E and place it in the position in plan as shown by E* 
being careful to have the points 1 and 4 at right angles to the line 1^ 1®. 
It is inunaterial how far the section E^ is placed from the comer 2® as 
the intersection with the hip bar remains the same no matter how far 
the section is placed one way or the other. Through the various 
corners in the section E' draw lines at right angles to the line 1° 1* inter- 
secting one half of the hip bar on similarly numbered lines as shown by 
the intersections 1^ 2^ 3^ 4^ 5^ 6^ and 1^ 2^ ti^ 4^ 5^ and 6^ also inter- 
secting the curb in plan at points 1^ to G^. The intersection between 
the jack bar and curb in plan is not necessary in the development of 
the pattern as the lower cut in the pattern for the common bar is the 
same as the lower cut in the pattern for the jack bar. However, the 
intersection is shown in plan to make a complete drawing. At right 
angles to the line of the jack bar in plan, and from the various inter- 
sections with the hip bar, erect lines intersecting similarly numbered 
lines in the section as shown. Thus from the various intersec- 
tions shown from 1^ to C" in plan, erect vertical lines intersect- 
ing the bar in the half section at points shown from 1^ to 6^. In 
similar manner from the various points of intersections y, 5"', and 6' 
in plan, erect lines intersecting the bar in the half section at points 
shown by 3' o'' 0^ Connect these points in the half section, as shown, 
which represents the line of joint in the section between the hip and jack 
bars. 

For the pattern for the upper cut of tlie jack l)ar, the same stretch- 
out can be used as that used for the common bar. Tlierefore, at right 
angles to T) 4' and from the various intersections V' 2^ 3^ 4^' 5^ and 6^ 
draw lines intersecting similar numbered lines in the pattern for the 
common bar as shown by similar figures. In similar manner from the 
various intersections 3*' 5' and (y^ in the om* half section, draw lines at 
right angles to T) 4' intersecting similarly numbered lines in the pattern 
as shown by 3' 5' and ()''. Trace lines from point to point, then the 
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cut shown from N^ to P^ will represent the miter for that part shown in 
plan from 2^ to 6^, and the cut shown from P* to O* in the pattern will 
represent the cut for that part shown in plan from 2'* to 6^. The 
lower cut of the jack bar remains the same as that shown in the pattern. 
The half pattern for the end of the hood is shown in Fig. 179, and 
is obtained as follows: Draw any vertical line as A B, upon which 
place the stretchout of the section of the hood mno pin Fig. 178, as 
shown by similar letters m n o p on A B in Fig. 179. At right angles 
to A B and through the small letters draw lines, making them equal in 
length, (measuring from the line A B) to points having similar letters 
in Fig. 178, also measuring from the center line A B. Connect points 
shown in Fig. 179, which is the half pattern for the end of the hood. 
For the half pattern for the end of the outside ventilator, take the 



i 



HALF RaCTTERNl 
FOR — • 
END OF HOOD 




HALF FWTTERN 
FOR EISID OF 
OUTSIDE VENT 



B 




Fig. 179. 



Fig. 180. 



HALF PATTERN 

FOR END OF 

INSIDE VENT 



Fig. 181. 



stretchout othijkl in Fig. 178 and place it on the vertical line A B in 
Fig. 180 as shown by similar letters, through which draw horizontal 
lines making them in length, measuring from A B, equal to similar 
letters in Fig. 178, also measuring from the center line A B. Connect 
the points as shown in Fig. 180 which is the desired half pattern. In 
Fig. 181 is shown the half pattern for the end of the inside ventilator, 
the stretchout of which is obtained from F r 2^ S'' 4^^ H G in Fig. 178, 
the pattern being obtained as explained in connection with Figs. 179 
and 180. 

When a skylight is to be constructed on which the bars are of such 
lengths that the glass cannot be obtained in one length, and a cross bar 
or dip is required as shown by B, in Fig. 150, which miters against the 
main bar, the pattern for this intersecting cut is obtained as shown in 



181 



152 



SHEET METAL WORK 



Fig. 182. Let A represent the section of the main bar, B the elevation 
of the cross bar, and C its section. Note how this cross bar is bent so 
that the water follows the direction of the arrow, causing no leaks bt>- 
cause the upper glass a is bedded in putty, while the lower light b is 
capped by the top flange of the bar C (See Fig. 150). Number all of 
the comers of the section C as shown, from 1 to 8, from which points 
draw horizontal lines cutting the main bar A at points 1 to 8 as shown. 
At right angles to the lines in B draw the vertical line D E upon whidi 
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place the stretchout of the cross bar C, shown by similar figures, 
through which draw horizontal lines, intersecting them with lines 
drawn parallel to D E from similar numbered intersections against the 
main bar A, thus obtaining the points of intersections 1' to 8' in the 
pattern. Trace a line through points of intersections thus obtained 
which will be the pattern for the end cut of the cross bar. 

In Fig. 183 is shown a carefully drawn working section of the 
turret sash shown in Fig. 168 at A. These sashes are operated by 
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means of cords, chains or gearings from the inside, the pivot on which 
they turn bdbg shown by R S in Fig. 183. The method of obtaining 
the patterns for these sashes will be omitted, as they are only square and 
butt miters which the student will have no trouble in developing, pro- 
viding he understands the construc- 
tion. Tlis will be made clear by 
the following explanation: 

A B represents the upper part of 
the turret proper with a drip bait on 
same, as shown at B, ag^nst which 
the sashes close, and a double seam, 
as shown at A, which makes a tight 
joint, takes out the tvisl in bending, 
and avoids any soldering. This up- 
per part A B b indicated by C in 
Fig. 168, over which the gutter B is 
placed as shown by X U Y in Fig. 
183. C D represents the lower part 
of the turret proper or base, which 
fits over the wooden curb W, and is 
indicated by D in Fig. 168. E in 
Kg. 183 represents the mullion 
made from one piece of metal and 
double seamed at a. This mullion 
is joined to the top and bottom. 
The pattern for the top end of the 
muUioa would simply show a square 
cut, while the pattern for the bot- 
tom would represent a butt miter 
against the slant line i j. Before forming up this mullion the holes 
should be punched in the ades to admit the pivot R S. These mullions 
are shown in position in ¥1g. 168 by E E, etc. 

F G in fig. 183 represents the section of the side of the sash below 
the pivot T. Notice that this tower half of the ^de of the sash has a 
lock attacimient which hooks into the flange of the mullion E at F. 
While the nde of the sash is bent in one piece, the upper half, above the 
pivot T, has the lock omitted as showii by J K. Thus when the sash 
opens, the upper half of the sides turn toward the inside as shown l^ 
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the arrow at the top, while the lower half swings outward as shown l^ 
the arrow at the bottom. When the lower half closes, it locks as shown 
at F, which makes a water-tight joint; but to obtain & water-%ht joint 
for the upper half, a cap is used, partly shown hj L M, into which the 
upper half of the ^de of the sash closes as shown at M. This cap is 
fastened to the upper part of the mullion E with a projecting hood / 
which is placed at the same angle as the sash will have when it is 
opened as shown by c e* and d d' or by the dotted lines. 

The side of the sast just explained is shown in ¥ig. 168 at H. 
The pattern for the side of the sash has a square cut at the top, mitering 
with H I at the bottom, in Fig. 183, the same as a square miter. H I 
represents the section of the bottom of the sash. Note where the metd 
is doubled as at b, against which the glass rests in line with the rabbet 
on the side of the sash. A beaded edge is shown at H which stiffens it. 
This lower section is shown in Fig. 168 by G- and has square cuts on 
both ends. N O in Fig. 1S3 shows the section of the top of the sash 
shown in Fig. 168 by F. rhe flange N in Fig. 1 83 is flush mth the out- 
side of the glass, thereby allowing 
the glass to slide into the grooves 
in the sides of the sash. After the 
glass is in position the angle P is 
tacked at n. A leader is attached 
to the gutter Y as .-ihown by B° in 
Fig. 168. While the method of 
construction shown in Fig. 183 is 
generally employed, each shop 
has different methods; what we 
have aimed to give is the general construction in use, after knowing 
whicli, tlie student can pl^ his own construction to suit the conditions 
which are apt to arise. 

In the following illustrations, Figs. 184 to 1S7, it will be explained 
how to obtmn the true lengths of the ventilator, ridge, hip, jack, and 
common bars in a hipped skylight, no matter what size the skylight 
may be. U^ng tliis rule only one set of patterns are required, as for 
example, those developed in connection with Figs. 178, 179, 180, and 
181, which in this case has one-third pitch. If, however, a skylight 
was required whose pitch was different than one-third, a new set of 
patterns would have to be developed, to which the rule above mentJon- 
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ed would also be applicable for skylights of that particular pitch. 
Using this rule it should be understood that the size of the curb, or 
frame, forms the basis for all measurements, and that one of the lines 
or bendsof the bar should meet the line of the curb as shown In Fig. 178, 
where the bottom of the bar E in the half section meets the line of the 
curb c 4' at 4', and the ridge at the top at 4'. Therefore when laying 




Fig. 185. 
out the lengths of the bars, they would have to be measured on the line 
4 of the bar K from 4' to 4" on the patterns, as will be explained as we 
proceed. 

The first step is to prepare the triangles from which the lengths 
of the common and jack bars are obtaine<l, also the lengths of the hip 
bars. After the drawings and patterns have been laid out full size 
according to the principles explained in Fig. 178, take a tracing of the 
triangle in the half section D C 4' and place it as shown by A 12 O, in 
Kg. 184. Divide O 12, which 
will be 12 inches in full size, into 
quarter, half-inches, and inches, 
the same as on a 2-foot rule, as 
shown by the figures O to 12. 
From these divisions erect Unes 
until they Intersect the pitch A O 
which completes the triangle for 
obtaining the true lengths of jack 
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and common bars for any size skylight. In similar manner take 
tracing of N R 4'' in the diagonal elevation in Fig. 178 and 
place it as shown by B 12 O in Fig. 1S5. The length 12 O then 
becomes the base of the triangle for the hip bar in a skylight whose 
base of the triangle for the common and jack bars measures 12 inches 



156 



SHEET METAL WORK 



as shown in Fig. 184, the heights A 12 in Fig. 184 and B 12 in Fig. 185 
being equal. Now divide 12 O in 12 equal spaces which will represent 
inches when obtaining the measurements for the hip bar. Divide 
each of the parts into quarter-inches as shown. From these devisions 
erect lines intersecting the hypothenuse or pitch line B O as shown. 
To explain how these triangles are used in practice, Figs. 186 and 
187 have been prepared, showing respectively a skylight without and 

with a ventilator whose curb 
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measures 4 ft. x 8 ft. Three 
rules are used in connection 
with the triangles in Figs. 184 
and 185, the comprehension of 
which will make clear all that 
follows. 

Rule 1. To obtain the 
length of the ridge bar in a 
skylight without a ventilator, as in Fig. 186, deduct the short side 
of the frame or curb from the long side. 

Example: In Fig. 186, take 8 feet (long side of frame)— 4 feet 
(short side of frame) = 4 feet (length of ridge bar a b). 

Ride 2. To find the length of the ventilator in a skylight deduct 
the short side of the frame from the long side and add the width of the 
desired ventilator (in this case 4 inches, as shown in Fig. 187). 

Example: In Figure 187 take 8 feet (long side of frame) — 4 feet 
(short side of frame) = 4 feet. 4 feet -|- 4 inches (width of inside 
ventilator) = 4 feet 4 inches, (length of inside ventilator a' 6'). To 
find the size of the outside ventilator h I and hood vi p in Fig. 178 
simply add twdce the distance a b and a c respectively to the above size, 
4 inches, and 4 feet 4 inches, which will give the widths and lengths of 
the outside vent and hood. 

Rule 3. To find the lengths of either common or hip bar (in any 
size skylight) deduct the width of the ventilator, if any, from the length 
of the shortest side of frame and divide the remainder by two. Apply 
the length thus obtained on the base line of its respective triangle for 
common or hip bars and determine the true lengths of the desired bars, 
from the hypothenuse. 

Example: As no ventilator is shown in Fig. 186, there will be 
nothing to deduct for it, and the operation is as follows : 4 feet (short- 
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est side of frame) -5-2=2 feet. We have now the length with which 
to proceed to the triangle for common and hip bars. Thus the length 
of the common bar c d will be equal to twice the amount of A O in Fig. 
184, while the length of the hip bar 5 e in Fig. 186, will be equal to twice 
the amount of B O in Fig. 185. Referring to Figs. 186 and 187 the 
jack bars i j are spaced 16 inches, therefore, the length of the jack bar 
for 12 inches will equal A O in Fig. 184, and 4 inches equal to 4° O; 
both of which are added together for the full length. 

The lengths of the conmion and hip bars will be shorter in Fig. 
187 because a ventilator has been used, while in Fig. 186 a ridge bar 
was employed. To obtain the lengths of the common and hip bars in 
Fig. 187 use Rule 3: 48 inches (length of short side)— 4 inches (width 
of inside ventilator) = 44 inches; and 44 inches -5-2-22 inches or 
1 foot 10 inches. Then the length of the common bar (/ d' measured 
with a rule will be equal to A O in Fig. 184 and 10° O added together, 
and the length of the hip bar e' fin Fig. 187 will be equal to B O in Fig. 
185 and 10^ O added together. Use the same method where fraction- 
al parts of an inch occur. In laying out the patterns 
according to these measurements use the cuts shown 
in Figs. 178, 179, 180, and 181, being careful to 
measure from the arrowpoints shown on each pattern. 

It will be noticed in Fig. 178 we always meas- 
ure on line 4 in the patterns for the hip, common, 
and jack bars. This is done because the line 4 in 
the profiles E and E^ come directly on the slant line 
of the triangles which were traced to Figs. 184 and 
185 and from which the true lengths were obtained. 
Where a curb might be used, as shown in Fig. 188, 
which would bring the bottom line of the bar 1^ 
inches toward the inside of the frame 5, all around, then instead of 
using the size of 4 x 8 feet as the basis of measurements deduct 3 
inches on each side, making the basis of measurements 3 ft. 9 inches 
X 7 ft. 9 inches, and proceed as explained above. 
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ROOFING 

A good metai ooverixig on a roof is as impcnrtaiit as a good fovn- 
dation. rilere are varioiis materials used for this purpose suA 
plate or what is oommonly called roofing tin. The rigid body, or the 
base of roofing tin, consists of thin sheets of sted (black plates) Aat 
are coated with an alloy of tin and lead. Where a first-class job is 
desired soft and cold rolled copper should be used. The soft copper 
is generally used for cap flashing and allows itself to be dressed down 
well after the base flashing is in position. The oold-iolled or hard cop- 
per is used for the roof coverings. Insomecases galvanized sheet iron 
or steel is employed. No matter whether tin, galvanized iron, or 
copper is employed the method of construction is the same, and will 
be explained as we proceed. 

Another form of roofing is known as corrugated iron roofingi 
which consists of black or galvanized sheets, corrugated so as to secure 
strength and stiffness. Roofs having less than one4hird pitdi shouU 
be covered by what is known as flat-seam roofing, and should be cover- 
ed (when tin or copper is used) with sheets 10 x 14 inches in size rather 
than with sheets 14 x 20 inches, because the larger number of seams 
stiffens the surface and prevents the rattling of the tin in stormy 
weather. Steep roofs should be covered by what is known as standing- 
seam roofing made from M'^ x 2{f tin or from 20^ x 28''. Before any 
metal is placed on a roof the roofer should see that the sheathing boards 
are well seasoned, dry and free from knots and nailed close togetiier. 
Before laying the tin plate a good building paper, free from add, should 
be laid on the sheathing^or the tin plate should be painted on the under- 
side before laying. Corrugated iron is used for roofs and sides of 
buildings. It is usually laid directly upon the purlins in roofs, and 
held in place by means of clips of hoop iron, which encircle the purlins 
and are riveted to the corrugated iron about 12 inches apart The 
method of constructing fiat and double-seam roofing, also corrugated 
iron coverings, will be explained as we proceed. 

TABLES 

The following tables will prove useful in %uring the quantity of 
material required to cover a given number of square feet. 
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FLAT-SEAM ROOFING 

Table showing quantity of 14 x 20-inch tin required to cover a given 
number of square feet with flat seam tin roofing. A sheet of 14 x 20 inches with 
with i-inch edges measures, when edged or folded, 13 x 19 inches or 247 
square inches. In the following all fractional parts of a sheet are counted a 
full sheet. 



No. of 
sq. ft. 


Sheets 
required 


No. of 
sq. ft. 


Sheets 
required 


No. of 
sq. ft. 


Sheets 
required 


No. of 
sq. ft. 


Sheets 
required 


100 


.50 


3S0 


I 
103 


560 


327 


780 


465 


110 


65 


340 


100 


570 


333 


700 


461 


120 


70 


850 


305 


580 


830 


800 


467 


130 


76 


360 


210 


500 


344 


810 


478 


140 


83 


370 


216 


600 


350 


820 


470 


150 


88 


380 


S2S 


610 


856 


880 


484 


160 


04 


800 


228 


680 


363 


840 


400 


170 


100 


400 


284 


630 


868 


860 


406 


180 


105 


410 


240 


640 


874 


860 


503 


190 


111 


420 


245 


660 


370 


870 


606 


200 


117 


430 


251 


660 


885 


880 


514 


210 


123 


440 


257 


670 


801 


800 


510 


220 


120 


450 


263 


680 


807 


000 


525 


230 


135 


460 


260 


600 


403 


010 


581 


240 


140 


470 


275 


700 


400 


030 


537 


250 


146 


480 


280 


710 


414 


030 


548 


260 


153 


400 


286 


730 


430 


940 


549 


270 


158 


500 


202 


730 


436 


060 


564 


280 


164 


510 


208 


740 


433 


060 


560 


200 


170 


520 


804 


750 


488 


070 


566 


800 


175 


530 


800 


760 


444 


060 


573 


310 


181 


MO 


815 


770 


440 


000 


578 


320 


187 


550 


821 











1000 square feet, 583 sheets. 
A box of 112 sheets 14 x 20 inches will cover approximately 192 square feet. 

Example. How much 14 x 20 inch tin with ^-inch edges is re- 
quired to cover a roof 20 feet x 84 feet? Take 20 X 84 - 1,680 
square feet. 

Referring to the table for Flat Seam Roofing, 1000 square feet require 
583 sheets and 680 square feet require 397 sheets, making a total of 
980 sheets. 

It should be understood that this amount is figured on the basis 
of 247 square inches in an edged sheet, which will be a trifle less when 
the sheets are laid on the roof. 

Exampk, What quantity of 20 x 28-inch tin will be required to 
lay a standing seam roof, measuring 37 feet long x 45 feet in width? 
Take 37 X 45 = 1,665 square feet, or 16 squares and 65 feet. Refer- 
ring to the table for Standing Seam Roofing, 16 squares require 4 
boxes and 48 sheets, and 65 feet require 20 sheets, making a total of 4 
boxes and 68 sheets. 
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STANDISG-HEAM ROOFING 
Table showing thn quantity of 20 X 28-inch tin in boxos, and sheets 

required to lay any given standmg-s;;am root. 

.PICT BBBETH B<JirAHE9. HIJ. TIKT BOIEH i HIIBET9 |9)Ji;ASaa BOXES I BHEBT 



Size of Bhpot before working, 20 X 28 ititlics. Esixi.scd on roof 27X 17J incheo. 
Square inches per sheet exposed 479} inches, Sheetf per box 112. 
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NET WEIGHT PER BOX TIN PLATES 
Basis 14 X 30, 112 
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STANDARD WEIGHTS AND GAUGES OF TIN PLATES 



TradBtBTm BS-lb. Tfrlb. 

Nearest wire oaucie No. . Si S& 

WulRhl, Kiiiare toot. lb. ... .sm .Xa 

WelgW.boi. UxSO.lb. .... » TO 

Tr»ilBlenn i(! iii, 

Ne»r»l wire fikuKe No. .... I m 3t 

WelBlit. wuareloot. lb i ,401 1 .ft* 

Weight, box, u I ao. lb. lOT I laa 



ee-ib. 90-ib. le-ib. 
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BlMknlatPi before coating „ 
welshi per 113 sheets 
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When coatBd lb* platen 

weigh iwr 1 13 sheets 
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OTHER FORMS OF METAL ROOFING 

There is another form of roofing known as metal slates and shin- 
gles, pressed in various geometrical designs with water-tight lock attach- 
ments so that no solder is required in 
laying the roof. Fig. 189 shows the 
general shape of these metal shingles 
which are made from tin, galvanized 
iron, and copper, the dots a a a a 
i 'A - a representing the holes for nailing to 

|\^^ ^/\^ if l the wood sheathing. In Fig. 190, A 

* ^^^— ^1^— i d J ^ represents the side lock, showing the 

first operation in laying the metal slate 
or shingle on a roof, a representing the 
nail. B, in the same figure, shows the 
^ metal slate or shingle in position oover- 
ing the nail b, the valley c of the bottom 
^K- ^^^- slate allowing the water, if any, to 

flow over the next lower slate as in A in Fig. 189. 

In Fig. 191 is shown the bottom slate A covered by tlie top slate B, 
the ridges a a a keeping the water from 
backing up. Fig. 192 shows the style of 
roof on which these shingles are employed, 
that is, on steep roofs. Note the con- 
struction of the ridge roll, A and B in 
Fig. 192, which is first nailed in position 
at a a etc., after which the shingles B are 
slipped under tlie lock c. Fig. 193 shows 
a roll hip covering which is laid from the 
top downward, the lower end of the hip having a projection piece for 
nailing at o, over which the top end of the next piece is inserted, thus 




^ ^ ■ ■ ^ ^ I I ■ 1 ^^ Tl^ »^ , < ^ ^^^^^^^^ 
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SHEATHING BOARD 

Fig. 190. 
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Fig. 191. 



covering and concealing the nails. Fig. 194 represents a perspective 
view of a valley with metal slates, sliowing how the slates A are 
locked to the fold in the valley B. There are many other forms of 
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metal shingles, but the shapes shown herewith are known as the 
Cortright patents. 

TOOLS REQUIRED 
fig. 195 shows the various hand tools required by the metal roof- 
ex; starting at the left we have the soldering copper, mallet, scraper, 




stretch-awl, shears, hammer, and dividers. In addition to these hand 
toob a notching machine is required for cutting off the coma's of the 




5 



Fig. 193. 
sheets, and rooSng folders are re- 
quired for edging the sheets in flat- 
seam roofing, and hand double seamer 
and roofing tongs for standing-seam 
roofing. The roofing double seamer 
and squeezing tongs can be used for 
standing-seam roofing (in place of the 
hand double seamer), which allow the 
operator to stand in an upright position if the roof is not too steep. 
ROOF MENSURATION 
While some mechanics understand thoroughly the methods of 



tig. 194. 
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laying the various kiods of roofing, there are some, however, who do 
not understand how to figure &om architects' or scale drawings the 
amoimt of material required to cover a given surface in a flat, irregular 
shaped, or hipped roof. The modem house with its gables and va- 




Fig. 195. 
nous intersecting roofs, forming hips and vall^s, rend» it necessaiy to 
give a short diapter on roof measurement In Figs. 196 to 198 in- 
du^ve are shown respectively the plans with full aze measurements 
for a flat, iTr^^lar,and intersected hipped roof, showing how the length 
of the hips and valleys are obtained direct from 
the architecta' scale drawings. 

The illustrations shown herewith are not 
drawn to a scale as architects' drawings will be, 
but the measurements on the diagrams are as- 
sumed, which will clearly show the principles 
which must be applied when figuring from scale 
drawings. Assuming that the plans trom which 
we are figuring are drawn to a quarter-inch scale, 
then when measurements are taken, every quarter 
inch represents one foot. J indi = 6 inches, ^^ 
inch - 3 inclies, etc. If tlie drawings were drawn to a half-indi 
scale, then J inch =12 indies, J inch =■ 6 inches, J inch - 3 inches, 
t'i inch = 11 inches, etc. 

A B C D in Fig. 196 represents a flat roof with a sliaft at one side 
as shown hy abed. In a roof of thb kind we will figure it as if there 
was no mr shaft at all. Thus 64 feet X 42 feet - 2,688 square feet 
Tie shaft is 12.5 X 6feet= 753quarefeet; then 2,688 feet - 75 feet- 




Fig. 196. 
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2,613 square feet of roofing, to which must be added an allowance for 
the flashing turning up against and into the walls at the sides. 

In Fig. 197 is shown a flat roof with a shaft at each side, one shaft 
bdng UT^pjIar, forming an irr^ular shapted 
roof. The rule for obtaining the area is sim- 
ilar to (hat used for Fig. 196 with the exception 
that the area of the insular shaft a; a; a; a: in 
Fig. 197 is determined differently to that of the 
shafticrfe. Thus A B C D - 108 feet X 45 
feet - 4,860 square feet. Find the area of fc c 
d e which is 9.25 X 39.5 - 365.375 or 365J 
square feet. To find the area of the irregular 
shaft, bisect xx and xx and obtain a a, 
measure the length of a a which is 48 feet, and 
multiply by 9. Thus 48 X 9 = 412, and 412 

+ 365.375-777.375. The entire roof minus ^ 

the shafts = 4,860 square feet - 777.375 - "\— *5^— I'' 
4,082.625 square feet of surface in Fig. 197. ^^- ^97. 

In Fig. 198 is shown the plan, front, anti side elevations of an in- 
tersected hipped roof. A B C D represents the plan of the main build- 





Fig. 198. 
ing intersected by the wing E F G H. We will first figure the main 
roof as if there were no wing attached and then deduct the space lakea 
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up by the intersection of the wing. While it may appear difficult to 
some to figure the quantities in a hipped roof, it is very ample, if the 
rule is understood. As the pitch of the roof is equal on four sides the 
length of the rafter shown from O to N in front elevation represents 
the true length of the pitch on each side. The length of the building 
at the eave b 90 feet and the length of the ridge 48 feet Take 
90 - 48 =» 42, and 42 -^ 2 « 21. Now either add 21 to the length of the 
edge or deduct 21 from the length of the eave, which gives 69 feet as 
shown from S to T. The length of the eave at the end is 42 feet and 
it runs to an apex at J. Then take 42 feet -^ 2 « 21, as shown from T 
to U. If desired the hip lines A I, J B and J C can be bisected, obtain- 
ing respectively the points S, T, and U, which when measured will be 
of similar sizes; 69 feet and 21 feet. As the lengtii of tiie rafter O N 
is 30 feet, then multiply as follows: 69 X 30 = 2070. 21 X 30 - 630. 
Then 630 + 2,070 = 2,700, and multiplying by 2 (for opposite sides) 
gives 5,400 square feet or 54 squares of roofing for tiie main building. 
Prom this amount deduct the intersection E L F in the plan as follows: 

The width of the wing is 24 feet 6 inches and it intersects tiie main 
roof as shown at E L F. Bisect E L and L F and obtain points W and 
V, which when measured will be 12 feet 3 inches or one half of HG, 
24 feet 6 inches. The wing intersects the main roof from Y to P in the 
side elevation, a distance of 18 feet. Then take 18 X 12.25 « 220.5. 
Deduct 220.5 from 5400 = 5,179.5. The wing measures 33 feet 6 
inches at tiie ridge L M, and 21 feet 6 inches at tiie eave F G, thus 
making the distance from V to X = 27 feet 6 inches. The length of 
the rafter of the wing is shown in front elevation by P R, and is 18 feet. 
Then 18 X 27.5 = 495, and multiplying by 2 (for opposite side), gives 
995 sq. ft. in the wing. We then liave a roofing area of 5,179.5 square 
feet in the main roof and 995 square feet in the wing, making a total of 
6,174.5 square feet in the plan showTi in Fig. 198. 

If it is desired to know the quantity of ridge, hips, and valleys in 
the roof, the following method is used. Tlie ridge can be taken from 
tiie plans by adding 48' + 33'6" = 81' - 6". For tiie true length of 
the hip I D in the plan, drop a vertical line from P in the front elevation 
until it intersects the eave line 1^. On tiie eave line extended, place the 
distance I D in the plan as shown from 1° to D^ and draw a line from 
D^ to P which will be tiie true length of the hip I D in the plan. Multi- 
ply this length by 4, which will give the amount of ridge capping re- 
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quired. This length of hip can also be obtained from the plan by tak- 
hig the vertical height of the roof P I' in the elevation and placing it at 
right angles to I D in the plan, as shown, from I to P, and draw a line 
from F to D which is the desired length. 

For the length of the valley L F in the plan, drop a vertical line 
from P in the side elevation until it intersects the eave line at F®. 
Take the distance F L in the plan and place it as shown from F® to L®, 
and draw a line from L^ to P, which is the true length of the valley 
shown by L F in the plan. Multiply this length by 2, which will give 
the required number of feet of valley required. This length of vall^ 
can also be obtained from the plan by taking the vertical height of the 
roof of the wing, shown by F° P in the side elevation, and placing it at 
right angles to F L in the plan, from L to P, and draw a line from P 
to F which is the desired length similar to F^ L° in the side elevation. 

FLAT-SEAM ROOFING 

The first step necessary in preparing the plates for flat seam 
I'oofing is to notch or cut off the four corners of the plate as shown in 
Fig. 199 which shows the plate as it is taken from the box, the shaded 
corners a a a a representing tlie corners which are 
notched on the notching machine or with the shears. 
Care must be taken when cutting off these corners not 
to cut off too little otherwise the sheets will not edge 
well, and not to cut off too much, otherwise a hole will 
show at the corners when the sheets are laid. To find 
the correct amount to be cut off proceed as follows: ^* 

Assuming that a ^-inch edge is desired, set the dividers at ^ inch 
and scribe the lines b a and a c on the sheet shown in Fig. 199, and, 
where the lines intersect at a, draw the line (2 e at an angle of 45 d^rees, 

which represents the true amount and true angle to be 
cut off on each corner. After all the sheets have been 
notched, they are edged as shown in Fig. 200, the long 
sides of the sheet being bent right and left, as shown at 
a, while the short side is bent as shown at 6, making 
the notched corner appear as at e. In some cases 
after the sheets are edged the contract requires that the 
sheets be painted on the underside before laying. This is usually 
done with a small brush, being careful that the edges of the sheets 





Fig. 200. 
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are not soiled wJtli paint, which would interfere with soldering. Be- 
fore laying tlie sheets the roof boards are sometimes covered with an 
oil or rosin-sized paoer to prevent the moisture or fumes from below 
from rusting tlie tin on the underside. As before mentioned, the same 
method used for laying tin roofing would be applicable for laying 
copper roofing, with the exception that the copper sheets would 
have to be tinned about 1} indies around the edges of the ^eets 
after they are notclied, and before tliey are edged. 

In F^g. 201 \s shown how a tin roof is started and the sheets laid 
when a gutter is used at the eaves with a fire wall at the side. A repre- 




sents a galvanized iron guttev wit!i a pnrtiuii of it lapping on tlie roof, 
witli a lock at C. In hanging the gutter it is fla.3hed against the fire 
wall at J ; after which tlie bu.sc flashing D D is [lut in position, flashing 
out on tlie roof at E, \ntli a lock ut F. Wliere the base flashing E 
miters witli tlic flange of tlic gutter H it is joincil as sliown at b, allowing 
the flange E of the base flashing u,s shown by the dotted line a. As the 
water dischaiges at G, the sheets iirc laid in the <lirection of the arrow 
H, placing the nails at IcjLst (i inches apiirt, iil.vays starting to nail at 
tlie butt e c, etc. Care should be taken wlien nailing that the nail heads 
are well covered by tlie cilgcs, its sliown in \V, by n. Over the base 
Hashing D D J the eap fla-sliing 1, is placed, iillowing it to go into the 
wall as at O. 
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When putting in base flashings there are two inethoiis employed, 
[n Fig. 202 is shown a. side flashing between tlie roof and parapet wall. 
A sliows the flashing turning out on the roof at B, with a lock C, attach- 
ed and flashed into the wall four courses of brick above the roof line, 
as shown at D, where wall hooks and 
paintskins or roofer's cement are used to 
make a tight joint. Flashings of this 
kind should always be painted on the 
underside, and paper should be plac'ed 
between tlie brick work and metal, l>e- 
cause tlie moisture in the wall is apt to 
rust the tin. This method of putting in 
flashing is not advisable in new work, 
because when the building is new, the walb and beams are liable 
to settle and when this occurs the flange D tears out of the wall, and the 
result b disagreeable leaks that stain the walls. When a new roof is 
to be placed on an old building where the walls and copings are in 
place and the brick work and beams have settled, there is not so much 
danger of leakage. 

The proper method of putting in flashings and one which allows 
for the expansion and contraction of the metal and the setdement of the 
building b shown in Fig. 203, in whidi A shows the cap flashings. 




Fig, 202, 





Fig. 20.1. Fig, OT4, 

punted with two coats of paint before using. When the mason has 
built hb wall up to four courses of brick above the roof line the cap 
flashing A b placed in position and the wall and coping finished ; the 
base flashing 6 b then slipped under the cap A. In practice the cap 
flashing b cut 7 inches, then bent at right angles through the center, 
making each ade a and b Z] inches. The base flashing B is then 
slipped imder the cap flashing A as ihown at C. 
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^Vhe^e the cost is not considered and a good job is desired, it is 
better to use sheet lead cap flashings in place of tin. They last longer, 
do not rust, and can l)e dressed down well to lay tight onto the base 
flashings. Into the lock C the sheets are attached. After the sheets 
are laid the seams are flattened down well by means of a heavy mallet, 

with slightly convex faces, after which the roof 
is ready for soldering. When a base flashing 
is recjuired on a roof which abuts against a wall 
composed of clap boards or shingles as show^n 
in Fig. 204, then, after the last course of tin A 
Fig. 205. j^as b^ji laid^ the flashing B with the lock a is 

locked into the course A and extends the required distance under the 

boards D. The flashing should always be painted and allowed to dry 

before it is placed in position. In the previous figures it was shown 

how the sheets are edged, lx)th sides being edged right and left. In 

Fig. 205 is shown what is known 

as a valley sheet, where the short 

sides are edged both one way, as 

shown at a a, and the long sides 

right and left as shown at bb. 

Sheets of this kind are used when 

the water runs together from two 

directions as shown l)y A in Fig. 

20G. By having the locks o and a turned one way the roof is laid in 

both directions. 

Fig. 207 shows a part j)laii of a roof and chimney A, around which 

the flashing B C D E is to be plac^ed, and explains how the corners C 

and D are double seamed, 
whether on a chimnev, 
bulkhead, or any other ol>- 
ject on a rcK)f when the 
water flows in the direction 
of the arrow F. The first 
operation is shown at a and 
the final operation at 6. 




Fig. 206. 




Fig. 207. 



Thus it will be scx^n that the water flows past the scam and not against 
it. In laying flai seam roofing especially when copper Ls used, allow- 
ance must he made for the expansion and contraction of tlie sheets. 
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Care should be taken not to nail directly through the sheet &s is shown 
in W, Fig. 201. While this method is generally employed in tin 
roofing, on a good job, as well as on copper roofing, cleats as shown at 
D in Fig. 208 should be used. 

To show how they are used, A and B represent two locked-edged 
sheets. The lock on the cleat D is locked into the edge of the sheets 
and nailed into the roof boards a.t abc and (f , ar as often as required. 



=«2= 



'^^rl 



Fig. 208. 
In this manner the entire roof can be fastened with cleats without 
having a nail driven into the slieets, thereby allowing for expansion 
and contraction of the metal. "^The closer these cleats are placed, the 
firmer the roof will be and the better the seams will hold. By using 
fewer cleats, time may be saved in laying the roof, but double this time 
is lost when soldering the seams, for the heat of the soldering copper 




Fig 200 
will Tiuse the seams, causmg a succession of buckles, which retard 
soldering and require 10 per cent more solder When the seams are 
nailed or cleated close it lays flat and smooth and the soldering is done 
with ease and less solder. 

\Vhen a connection is to be made between metal and stone or 
terra cotta, the method shown in Fig. 209 is employed. This illus- 
tration shows a stone or terra-cotta cornice A. The heavy line abed 
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represents the gutter lining, which is usually made from 20-O8. cold- 
rolled copper. If the cornice A is of stone, the stone cutter cuts a 
raggle into the top of the cornice A as at B, dove-tail in shape, after 
which the lining abcdis put in position as shown. Then, being care- 
ful that there is no water or moisture in the raggle B, molten lead is 
poured into the raggle and after it is cooled it is dressed down well with 
the caulking chisel and hammer. 

By having the dove-tail cut, the lead is secured firmly in positioii, 
holding down the edge of the lining and making a tight joint. Should 
the cornice be of terra cotta this raggle is cut into the clay before it is 
baked in the ovens. This method of making connection between 




Fig. 210. 

metal and stone is the same no matter whether a gutter or upright wall 
is to be flashed. When a flashing between a stone wall and roof is to 
be made tight, then instead of using molten lead, cakes of lead are cast 
in molds made for this purpose, about 12 inches long, and these are 
driven into the raggle B as shown in Fig. 209 at X. 

The most important step in roofing is the soldering. The style of 
soldering copper employed is shown In Fig. 210 and weighs at least 8 
pounds to the pair. \Mien rosin is used as a flux, it is also employed 
in tinning the coppers, but when acid is used as a flux for soldering zinc 
or galvanized iron, salammoniac is used for tinning the coppers. It 
will he noticed that the soldering coppers are forged square at the ends, 
and have a groove filed in one side as shown at A. ^Vhen the copper 

is turned upward the groove should be filed 
toward tlie lower side \nthin J inch from 
tlie corner, so that when the groove is placed 
upon the seam, as shown in Fig. 211, it acts 
^^211. as a guide to the copperas the latter is 

drawn along the seam. The groove a being in the position shown, 
the largest heated surface b rests directly on tlie seam, "soaking" 
it thoroughly with solder. As the heat draws the solder between 
the locks, about 6 pounds of ^ and J solder are required for 100 square 
feet of surface using 14 x 20-inch tin Tb<^ u% of acid in soldering 
seams in a tin roof is to be avoided fis •urld fuming in contact with the 
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bare edges and corners, where the sheets are folded and seamed to- 
gether, will cause rusting. No other soldering flux but good clean 
rosin should be employed. The same flux (rosin) should be used 
when soldering copper roofing whose edges, have previously been 
dnned with rosin. 

We will now consider the soldering of upright seams. The solder- 
ing copper to be employed for this purpose is shaped as shown in Fig. 
212. It is forged to a wedge shape, about 1 inch wide and i inch 





Fig. 212. 

thick at the end, and is tinned on one side and the end only; if tinned 
otherwise, the solder, instead of remaining on the tinned side when 
soldering, would flow downward; by having the soldering copper tin- 
ned on one side only, the remaining sides are black and do not tend 
to draw the solder downward. The soldering copper being thus pre- 
pared, the upright seam, shown in Fig. 213, where the sheet B overlaps 
the sheet A V, is soldered by first tacking the seam to make it lay close, 
then thoroughly soaking the seam, 
and then placing ridges of solder 
across it to strengthen the same. 
In using the soldering copper it 
should be held in the position 
shown by C, which allows the sol- 
der to flow forward and into the 
seam, while if the copper were held 
as shown by D, the solder would 
flow backward and away from the 
seam. In ''soaking'' the seam with 
solder the copper should be placed 
directly over the lapped part, so that the metal gets thoroughly 
heated and draws the solder between the joint. It makes no differ- 
ence where this cross joint occurs; the same methods are used. 

The roof being completed, the rosin is scraped off the seams and 
the roof cleaned and painted with good iron oxide and linseed oil paint. 
Some roofers omit the scraping of rosin and paint directly over it. 
This is the cause of rusting of seams which sometimes occurs. If the 




Fig. 213. 
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paint 13 applied to the rasin, tlic latter, with tune, will crack, and the 
ruin will sttuk uiiili-r thi- imwkiil rosin ti> the tin surface. Even when 
the surface of ihe n)of is <lry, by raising the cracked rosin, moisture 
will often hi- fonnii unilenieutii, which naturally tends to rust the plate 
more and more with each storm. If the rosin is removed, the entire 
tin .surface i.s pnrtccled by paint. 

One of the nwi.s; iliflicnlt jobs in flat-seams roofing is that of covep- 
inj; a conical t">wcT. As the roof in question is round in plan and taper- 
ing in elevation, it is necessary to know the 
method of cutdng the various patterns for the 
sheets. In Fig. 214 A B C shows the eleva- 
tion of a tower to be covered with flat .seam 
roofing, udng 10 X 14^di tin at the base. As- 
suming that the tower through B C is 10 feet 6 
inches, or 126 inches, in diameter, the drcum- 
ference is obtfuned by multiplying 126 by 
:M41C which equals 395.8416, or say 396 
inches. As 10 x 14-inch plate is to be used at 
tlie base of the tower the nearest width which 
can be employed, and which will divide the 
space into equal spaces, is I3f indies without 
edges, tlius dividing the drcumference in 30 
(■"lual spaces. Tliis width of 13J inches to- 
},'ethcr witli the length of tiie rafter A B or B C 
in elevatiim, will lie the liasis from which all the 
jiatterns for the various ci>iirses will be laid off. 
At any amvenicnt place In the shop or at 
tlie building, stretch a piece of tar felting of 
the reijuired lenglli, tacking it at the four a>rnefs with niuls to 
keep tlie paper fmm moving. T'lwn the center of tlie feldng strike 
a chalk line as All in Fig. 21.'i, making it equal to the length 
(.f the rafter A B or A C in Fig. 214. At right angles to A B in 
Fig. 21,^ at either side, draw the lines B H and B C each equal to 6J 
inches, being <»ne half of die 13^ al>ovc referred to. From the points 
C and D draw lines to die ajiex A (slmwn bniken). As the width of 
die sheet used is 10 inches and as we asriinne an edge of | inch for 
each side, thus leaving 9^ inches, measure lui the vertical line A B 
lengths of OJ inches in sticcessiiin, until the apex A is reached, leaving 




Fig. 2M. 
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the last sheet at the top to come as it may. Through tlie points thus 

obtained on A B draw lines parallel to C D intersecting the lines A C 

and A I) as shown. Then the various shapes marked 12 3 etc. will 

be the net patterns for similarly numbered 

courses. Take the shears and cut out the 

patterns on the felting and number them as 

required. 

For example, take the paper pattern 
No. 1, place it on a sheet of tin as shown in 
Fig. 216, and allow f-inch edges all around, 
and notch the corners ABC and D. Mark 
on the tin pattern "No. 1, 29 more", as 30 
sheets are required to go around the tower, 
and cut 29 more for course No. 1. Treat 
all of the paper patterns from No. 1 to tlie 
apex in similar manner. Of course where 
the patterns become smaller in size at the 
top, the waste from other patterns can be 
used. 

In Fig. 217 is shown how the sheets 
should be edged, always being careful to 
have the narrow side towards the top with 
the edge toward the outside, the same as in 
flat seam roofing. Lay the sheets in the 
usual manner, breaking joints as in general 
practice. As the seams are not soldered 
care must be taken to k)ck the edges well. 




Fig. 215. 



RftTTTERN FOR 
NO.l 



After the entire roof is laid and before closing the seams with the mallet 

take a small brush and 
paint the locks with thick 
white lead, then close 
with the mallet. This 
will make a water-tight 
job. After the roof is 



20 MORE 



Fig. 216. 




EDGED sheet! 
FOR COURSE 11 
NO.l 



Fig. 217. 

completed the finial D in Fig. 214 is put in jx)sition. 

As the method used for obtaining the patterns for the various 
sheets in Fig. 215 is based upon the principle used in obtaining the 
envelope of a right cone, some student may say that in accurate pat- 
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terns the line from C to D and all foUowing lines should be c 
as if stnidc widi a radius hom the center A, and not strught as shown. 
To those the writer would say that the curve would be so little on a 
small pattern, where the radius ia so long, that a strai^t line answers 
the purpose just as well In all practical work; for it would amount to 
considerable labor to turn edges on the curved cut of the sheet, and 
there is certainly no nac^ssity for it. 

When different metals are to be connected together, as for instance 
tin roofing to copper flashing, or copper tubes to galvanised iron gut- 
tas, or zinc flashings in connection with copper linings, care must be 
taken to have the copper ^eets thoroughly tinned on both sidesi^iereit 
joins to the galvanized iron, ^nc, or other metal, to avoid any electndy- 
sis between the two metab. It is a fact not well knowI^ to roofers 
that if we take a glass jar and fill it with water and place it in separate- 
ly, two clean strips, one of anc and the other of copper, and connect the 
two with a thin copper wire, an electtical action is the result, and if the 
connection remains for a long time 
(as the action is veiy faint) the nnc 
would be destroyed, because, it may 
be said, the ^nc furnishes the fud 
for the electrical action, the same 
aa wood furnishes th% fud ft>r the 
fire. Therefore, it the copper was 
not tinned, I^efore locking into die 
other metal, and the joint became 
wet with rain, the coating of the 
Fig- 218. , j^gj^i ^.Q^ij y^ destroyed by the 

electrical action between the two metals, and the iron would rust 
through. 

While the roofer is seldom called ui)on to lay out patterns for any 
roofing work occasion may arise that a roof flashing is required around 
a pipe passing through a roof of any pitch, as .shown in Fig. 218, in 
which A represents a smoke or vent pipe pas-sing through the roof B B, 
the metal roof flashing being indicated by C C. If the roof B B were 
level the opening to be cut into the flashing C C would simply be a 
true circle the same diameter as the pipe A. But where the roof 
pitches the opening in the flashing becomes an ellipse, whose minor 
axis is the same as the diameter of the pipe, ami wfjose major axis is 
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equal to the pitch a b. In Fig. 219 is shown how this opening is ob- 
tained by the use of a few nails, a string, and a pencil, which the roofer 
will always have handy. 

First draw the line A B representing the slant of the roof, and 
then make the pipe of the desired size passing through this line at its f 
proper angle to tlie roof 
line. Next draw the center c 
line R S of the pipe, as 
shown. Call the point 
where this line intersects 
the roof line, I» and the 
points whg;e D E and C F 
intersect A B, G and H re- 
spectively. Through I draw 
K L at right angles to A B, 
making K I and I L each 
equal to the half diameter 
of the pipe. Having estab- 
lished the minor axis K I^ 
and the major axis G H, 
the ellipse is made by tak- 
ing I H, or naif the major 
axis, as a radius, and with 

L as a center strike arcs in- ^^S* ^^^• 

tersecting the major axis, at points M and N. Dri^^ a small nail in 
each of these two points and attach a stri^jg to the naib as shown by 
the dotted lines K M N, in such a way that when a pencil point is 
placed in the string it will reach K. Move the pencil along the 
string, keeping it taut all the time until the ellipse K H L G is ob- 
tained. Note how the position of the string changes when it reaches 
a, then 6, etc. 

STANDINQ-SEAM ROOFING 

Another form of metal roofing is tliat known as standing seam, 
which is used on steep roofs not less than } pitch, or } the width 
of the building. It consists of metal sheets whose cross or horizontal 
seams are locked as in flat seam roofing, and whose vertical seams are 
standing locked Seams, as will be described in connection with Figs. 
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Fig. 220. 



220 to 229 inclusive. Assume that 14 x 20-inch sheets are used and 
the sheets are edged on the 20-inch sitles only, as shown by A in Pig. 
220, making tlie sheet 13 x 20 inches. After the required number of 
sheets have been edged, and assuming that the length of the pitched 

roof is 30 feet, then as many sheets are 
locked together as will be required, and 
the seams are closed with the mallet 
and soldered. In practice these strips 
are prepared of the required length in the 
shop, painted on the underside, and when 
dry are rolled up and sent tc^ the building. 
If desired they can be laid out at the build- 
ing, which avoids the buckling caused by rolling and transportation 
from the shop to the job. 

After the necessary strips have been prepared tliey are bent up 
with the roofing tongs, or, what is better and <|uicker, the roofing edger 
for standing-seam roofing. This is a machine into which the strips of 
tin are fed, being dis- 
charged in the required 
bent form showTi at A or 
B in Fig. 221, \yent up 1 
inch on one side and 1 } 
inches on the other side. 
Or the machine will, if Fig. 221. 

desired, bend up 1\ inches and 11 inches, giving a J-inch finished 
doubled seam in the first case and a 1-inch seam in the sec^ond. 
\Mien laying standing-seam roofing, in no cjise should any nails 
be driven into the sheets. This applies to tin, copper or galva- 
nized iron sheets. \ cleat should be used, as shown 
in Fig. 222, which also shows the full size for laying 
the sheets given in Fig. 221. Thus it will be seen in 
Fig. 222 that } inch has been added over the measure- 
ments in Fig. 221, thus allowing edges. 

These cleats shown in Fig. 222 are made from 
scrap metal ; they allow for the expansion and a)n- 
traction of the roofing and are used in practice as shown in Fig. 22ii. 
which represents tlie first operation in laying a standing-seam roof, 
and in which A represents tlie gutter \\ith a lock attached at B. The 
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Fig. 222. 
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gutter being fastened in position by means of cleats under the 
lock B — the same as in flat seam roofing — the standing seam strips 
are laid as follows: Take the strip C and lock it well into the 
lock B of the gutter A as shown, and place the cleat shown in Fig. 
222 tightly against the upright bend of the strip C in Fig. 223 as shown 
at D, and fasten it to the roof by means of a 1-inch roofing nail a. 




Fig. 223. 

Press the strip C firmly onto the roof and turn over edge b of the cleat 
D. This holds the sheet C in position. Now take the next sheet E, 
press it down and against the cleat D and turn over the edge d, which 
holds E in position. These cleats should be placed about 18 inches 





Fig. 224. Fig. 225. 

apart and by using them it will be seen that no nails have been driven 
through the sheets, the entire roof being held in position by means of 
the cleats only. 

The second operation is shown in Fig. 224. By means of the 
hand double seamer and mallet or with the roofing double seamers and 
squeezing tongs, the single seam is made as shown at a. The third 
and last operation is shown in Fig. 225 where by the use of the same 
toob the doubled seam a is obtained. In Fig. 226 is shown how the 
finish is made with a comb ridge at the top. The sheets AAA have 
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on the one ^de the ^ngle edge as shown, while the o[q>03ite ^de B has 
a double edge turned over as shown at a. Then, standing seams bbb 
are soldered down to c. 

la Fig. 227 is shown how the side of a wall is flashed and counter 




Fig. 226. 
flashed. A shows the gutter, B the leader or rain water conductor, 
and C the lock on the gutter A, fastened to the roof boards by cleats 




Fig. 227. 

« shown at D. The back of the gutter is flashed up agunst the wall 
as high as shown by the dotted line E. F represents a standing-seam 
strip locked into Uie gutter at H and flaslied up agmnst the wall as high 
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as shown by the dotted line J J. As the flashing J J E is not fastened 
at any part to the wall the beams or wall can settle without disturbing 
the flashing. The counter or cap flashing K K K is now stepped as 
shown by the heavy lines, the joints of the brick work being cut out to 
allow a one-inch flange ddd etc. to enter. This is well fastened with 
flashing hooks, as indicated by the small dots, and then made water- 
tight with roofer's cement. As will be seen the cap flashing overlaps the 
base flashing a distance indicated by J J and 
(*overs to L L; the comer is double seamed at 
ab. M shows a sectional view through the 
gutter showing how the tubes and leaders are 
joined. The tube N is flanged out as shown 
at i i, and soldered to the gutter; the leader 
O is then slipped over the tube N as shown, 
and fastened. 

In the section on Flat-Seam Roofing it 
was explained how a conical tower. Fig. 214, 
would be covered. It will be shown now 
how this tower would be covered with stand- 
ing-seam roofing. As the circumference of 
the tower at the base is 396 inches, and 
assuming that 14 x 20-inch tin plate is to 
be used at the base of the tower, the nearest 
width which can be employed and which 
will divide the base into equal spaces is 17 /^ 
inches, without edges, thus dividing the cir- 
cumference into 23 equal parts. Then the 
width of 17/s- inches and the length of the 
rafter A B or AC in elevation will be the q 
basis from which to construct the pattern 
for the standing seam strip, for which pro- 
ceed as follows: 

Let A B C D in Fig. 228 represent a 20-inch wide strip locked and 
soldered to the required length. Through the center of the strip draw 
the line E F. Now measure the length of the rafter A B or A C in Fig. 
214 and place it on the line E F in Fig. 228 as shown from H to F. At 
right angles to H F on either side draw F O and F L making each 
equal to 8J^| inches, being one half of the 17/y above referred to. 




Fig. 228. 
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From points L and O draw lines to the apex H (shown broken). At 
right angles to H L and H O draw lines H P equal to 1^ inches and 
H S equal to 1 ]^ inches respectively. In similar manner draw L D and 
O C and connect by lines the points P D and S C. Then will P S C D 
be the pattern for the standing seam strip, of which 22 more will be 
required. ^Vhen the strips are all cut out, use the roofing tongs and 

bend up the sides, after which they are laid on 
the tower, fastened with cleats, and double 
seamed witli the hand seamer and mallet in 
the usual manner. 

If the tower was done in copper or galva- 
nized sheet iron or steel, where 8-foot sheets 
could be used, as many sheets would be cross- 
locked together as required; then metal could 
be saved, and waste avoided, by cutting the 
sheets as shown in Fig. 229 in which A B C D 
shows tlie sheets of metal locked together, and 
E and F the pattern sheets, the only waste be- 
ing tliat shown by the shaded portion. Where 
the finial D in Fig. 214 sets over the tower, the 
standing seams are turned over flat as much 
^^' us is retjuired to receive the finial, or small 

notches would l)e cut into the base of the finial, to allow it to slip over 
the standing seams. Before closing the seams, they are painted with 
white lead with a tool brush, then elose<l up tight, w^hich makes a good 
tight jol). 

CORRUGATED IRON ROOFING AND SIDING 

Corrugated in)n is used for roofs and sides of buildings. It is 
usually laid directly u])on the purlins in rot)fs constructed as shown in 
Figs. 230 anil 231, the former being constructwl to receive sidings of 
corrugated iron, while in the latter figure the side walls of the buihling 
are brick. Special care nnist he taken that the projecting edges of the 
corrugated iron at the eaves and gable entls of the roof are well secured, 
otherwise the wind will loosen the sheets and fold them up. The cor- 
rugations are made of various sizes such as o-inch, 2i-inch, IJ-inch 
and -J-inch, the measurements always l)eing fnmi A to B in Fig. 232, 
and the depth being shown l)y C. 'Die snudler corrugations give a 
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more pleasing appearance, but the larger corrugations are stiUer and 
will span a greacer di3tance,thereby permitting the purlins to be further 
apart. 




Fig. 230. 
The thickness of the metal gene-ally usetl for roofing and siding 
varies from No. 24 to No. 16 gauge. By actual trial made by The 




Kg. 231. 
Keystone Bridge Company it was fotmd tliat corrugated iron No. 20, 
spanning 6 feet, b^an to give 
permanent deflection at a load of 
30 lb. pea- square foot, and that 
it collapsed with a load of 60 lb. 
per square foot. The distance *' 

between centers of purlins should, tlierefore, not exceed feet, and 
preferably be less than thb. 
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TABLES 

Hie following tables will prove of value when desiring any infoiv 
mation to which they appertain. 

MEASUREMENTS OF CORRUGATED SHEETS 
Dimensions of Sheets and Corrugations. 



a 
o 


.§ 


^^a 
oS 


OS 


^1 


«• Op 

22 


i 


^1 


6 inch. 


6 Inch. 


m inch. 


m inch. 


1% inch. 
H inch. 


1 M Inch. 


Kinch. 



-I 

OS 



I 



1 Inch. 
H to M inch. 
H to H Inch. 

S^inoh. 



^oS; 



« 

10 

10^ 

MM 




Mineh. 
Mineh. 
Minch. 
Kinch. 



.11 
^8 



t7 ineh. 
fSlnch. 
fSinch. 
fSlnch. 




SO feet. 
10 feet. 
lOfoefe. 

8f69t. 



RESULTS OF TEST 

of a corrugated sheet No. 20, 2 feet wide, 6 feet long between aupports, loaded 
uniformly with fire clay. 



Load 
per square 
lb. 


foot. 


Deflection 

at center under load. 

Inches. 


Permanent Deflection, 
load removed. 


5 




t 





10 







15 




1 





20 




li 





26 




l| 





30 




H 


1 


as 




2i 


i 


40 




2g 
3i 


I 


45 




l| 


50 




4 


l| 


55 




Broke down. 


Not noted. 


60 




t( (C 



The following table shows the distance apart the supports should 
be for different gauges of corrugated slu^ts: 

Nos. 16 and IS 6 to 7 feet apart. 

Nos. 20 and 22 4 to 5 feet apart. 

No. 24 2 to 4 feet apart. 

No. 28 2 feet apart 
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The following table is calculated for sheets .tOi indies wide before 
corrugating. 
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LAVING CORRUGATED ROOFING 

When laying corrugated iron on wood sheathing use galvanised 
iron nails and lead washers. Tlie advantage in using lead washers is 
that they make a tight joint and prevent leaking and rusting at the nail 
hole; the washer being soft it easily shapes itself to any curve. In Fig. 
233 is shown how these washers are used; A shows the full size nail 




Fig. 233, 
and washer. When laying, commence at the left hand comer of the 
eave and end of the building. Continue laying to the ridge by lapping 
the second sheet over the first 4 inches,the left-hand edge being finished 
by means of a gable band A, formed as shown in Fig. 234, into whicli 
the corrugated sheet B is well bedded in roofer'.s cement C. ^Vhen it 
is not desired to use this gable band the .sheet must be well secured at 
the edge to keep the wind from raisins the sheets from the roof in a 
storm, as at A in Fig. 230. 
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ShouM the gable have a fire wall, then let the sheets A butt against 
tlie wall and flasli with corrugated flashing as shown in Kg. 235, ova- 
whidi the r^ulor cap or counter flashing is placed as explained in 
connection with Fig. 227. Should 
the ridge of the roof A butt 
against a wall, as shown at B in 
Fig. 230, tlien an end-wall flaw- 
ing is use<l as is shown in f^. 
23G which must also be capped, 
by either using cap flashing or 
allowing the corrugated siding 
to overlap this end-wall flasfaing 



rig. 234. Fig. 235. 

as would be the case at B in Fig. 230. Now commence the 
second course at tlie eaves, giving one and one half corrugations for 
side lap, being careful tiiat the side corrugations center each other 
exactiy and nail with washers as shown in Fig. 237. Nail at every 
other corrugation at end laps. 




ami at about every 6 inches at 
>, nailing through top 
of corrugation as shown in 
Fig. 237. Continue laying in 



Fig, l>:mi. 
this manner until the roof is covered. 

The same rule is t<i be observed ii 
the corrugate<l iron were to l)c fastenetl to iron ]>iirlins, and tlie method 
of fastening to the iron frames would be accomplisheil as .shown in Figs, 
238 to 240 inclusive. Assuming tliiit _ 

steel structures are to be covered, as 
shown in Figs. 230 and 231, then let 
A in Fig. 23S l>c the iron rafter, B 
the cross angles on whidi tlie wlieeLs D are laid, then by means 
of tiie clip or clamp C, which is made from hoop iron and bent around 
the angle B, tlie sheets are riveted in [)o,-;ition. In Fig. 239 is shown 
another form of clamp, which is hent o\er the bottom of the angle iron. 



II regard to laps and flashing if 
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Fig. 240 showa still another method, where the clamp F is riveted to the 
sheet B at E, then turned around the angle A at D. To avoid having 
the storm drive in between the corrugated opening at the eaves, cor- 
rugated wood filler is used as shown in Fig. 241. This keeps out the 






Fig. 238. Fig. 239. 

snow and sleet. On iron framing this is made of pressed metal. 
Another form of corrugated iron roofing is shown in Fig. 242. Ilis is 
put down with cleats in a manner similar to standing-seam roofing. 

If there are hips on the roof, the corrugated iron should be care- 
fully cut aud the hip covered 
with sheet lead- This is best 
done by having a wooden cove 
or filler placed on the hip, 
against which the roofimg butts. 
Sheet lead is then formed over 
thb wooden core and into the 
corrugations, and fastene<l by 
means of wood screws througli the lead cap into the wooden core, 
The lead being soft, it can be worked into any desired sliape. 
When a valley occurs in a hipped roof, form &om plain sheet iron 
a valley as shown in Fig. 243, being sure to give it two coats of piunt 

Ijefore laying, and make 
I^^^Sy it from 24-inch wide 
~ siieets, bending u p 1 2 

inches on each side. 

Fit it in the valley, and 
cut the corrugated iron to fit tlie required angle. Then lap the 
corrugated iron over the valley from 6 to 8 inches. 

When a chimney is to be flashed, as shown in Fig. 244, use plain 
iiOD, bending up and flashing into the chimney joints, and allowing 



Fig. 241. 
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die flashing to turn up under &e corrugated iron at the top about IS 
indies and ovo- the corrugated iron at the bottom about the aame 
^stance. At the nde the flashing should hare the shape of the oor- 
TUgated iron and receive a ]ap of about 8 inches, the entire flaahing 




Fig. 242. 
being well bedded in roofer's cement When a water-ti^t jtnnt is 
required around a smoke stack, as shown in Fig. 245, the oomigated 
iron is first cut out as shown, then a flashing built around one half ihe 
upper part of the stack to keep the water from entering inside. Tlus 
is best done by using heavy 
sheet lead and riveting it to 
the sheets, u^ng strips of sim- 
ilar corrugated iron as a 
washer to avoid damaging the 
lead. Before riveting, the 
flashing must be well bedded 
in roofer's cement and then 
make a beveled angle of 
cement to make a good joint. 
After this upright flashing b 
in position a collar is set over 
the same and fastened to the 
stack by means of an iron ring 
bolted and made tight as shown. Cement is used to make a water- 
tight joint around the stack. This construction gives room for the 
stack to sway and allows the heat to escape. 

Sometimes the end-wall flashing shown in Fig. 236 can be used 




Fig. 243. 
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to good advantage in building the upright flashing in Fig. 245. Where 
the corrugated iron meets at the ridge, as at D and D in Figs. 230 and 




Fig. 244. 
231, a wooden core is placed in position as explaineri in connection with 
the hip ridge, and an angle ridge, pressed by dealers who furnish the 




tootrugated iron, is placed over the ridge as shown in Fig. 246. \Vlien 
ft ridge roll b required, the shape shown in Fig. 247 is employed. 
810 
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These ridges are fastened direct to the roof sheets by means of riveting 
or bolting. 

LAYING CORRUGATED SIDING 

Before putting on any corrugated siding or clapboarding, as 
shown in Fig. 248, a finish is usually made at the eaves by means of a 




Fig. 246. 

hanging gutter or a plain cornice, shown in Fig. 249, which is fastened 
to the projecting wooden or iron rafters. This method is generally 
used on elevators, mills, factories, barns, etc., where corrugated iron, 
crimped iron or clapboards are used for either roofing or siding. TTiis 




Fig. 247. 

style of cornice covers the eaves and gable projections, so as to make 
the building entirely ironclad. Wien laying the siding conmaence 
at the left hand corner, laying the courses from base to cornice, giving 
the sheets a lap of two inches as the ends and one and one half corruga- 




Fig. 248. 

tions at the sides. Nail side laps every G inches and end laps at every 
other corrugation, driving the nails as shown in Fig. 250. 

Where the sheets must be fastened to iron framing use the same 
method as explained in connection with Figs. 23S, 239 and 240. Li 
this case, instead of nailing the sheets, they would be riveted. If siding 
is put on the wooden studding care should be taken to space the stud- 
ding the same distance apart as tlie laying width of the iron used. In 
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this case pieces of studding should be placed between the uprights at 
the end of each sheet to n^l the laps. ^Vhen covering grain elevators 




it is necessary to use swinging scaffolds. Commence at the base and 
carry up the course to the eave, the length of the scaffold. Commence 
at the left hand and give the sheets a lap of one coriugation on the side 
and a two-inch lap at the end. 
Nail or rivet in every corru- 
gation 3 inches from the lower 
end of the sheet; this allows 
for settling of the building. 

When any structure is to 
be covered on two or more 
sides, comer casings made of 
flat iron are employed, of a 
shape similar to that shown at 
B, Fig. 251. It will be seen 
that a rabbet is bent on both 
sides a and 6 to admit the ^'"^- ^■'*'- 

^ding. This makes a neat (inbh on the outside and hides the 
rough edges of the siding. If a window opening is to have 
casingsajambisuse<lasshownat A, Fig. 251, which has a similar rab- 
bet at a to receive the siding, and a square bend at 6 to nail ag^nst the 
frame. In Fig. 252 is shown the cap of a window or opening. It is 
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bent so that a is nailed to the window or other frame at the bottom, 
white b forms a flashing over whidi the «ding will set. Fig. 253 diows 
the aiU of a window, ^icb has a rabbet at a, in whitdi the siding b 





Fig. 252. Fig. 253. 

slipped ; then b forms a drip, and any water coming over the all p 
over the siding without duiger of leaks; c is niuled in white lead to the 
window frame. 

Another use to which corrugated iron is put is to cover sheds and 
awnings. Sheets laid on wood are nailed in the usual manner, while 
sheets l^d on angle iron construction are fastened as explained in the 




preceding sections. In Fig. 254 is sliown an awning over a store laid 
on angle iron supports. In work of diis kind, to make a neat appear- 
ance, the sheets are cui'ved to conform to the iron bracket A. 



CORNICE OVER BRICK BAY* 



An elevation and plan of a brick bay are shown in the Illustration, th» 
hides of which are 8 inches, 3 feet 2 inches and 5 feet 10 inches wide. Laps 
or flanges for soldering are to be allowed on the 3 feet 2 inch pieces and no laps 
on the 8 inch and 5 feet 10 inch pieces. The lookouts or iron braces are indi- 
cated in the plan by the heavy dashes making a total of 9 required. 

After the detail section is drawn and knowing the angle of the bay in plan, 
the angle is placed as shown by ABC, being careful to place CB on a line drawn 
vertically from 3-4 in the section. The miter line is then drawn as shown by 
BD, the section divided into equal spaces, and vertical lines dropped to the 
miter line BD as sho\ni. At right angles to BC the girth of the section is 
drawn as shown by similar figures from 1 to 26, through which points at right 
angles to 1-26, lines are drawn and intersected by similar numbered lines 
drawn from the miter line BD at right angles to BC, thus obtaining the upper 
miter cut shown. Now using this miter cut in practice, make the distance 
from either points 25 or 24 (which represents the line of the wall) equal to 
8 inches, 3 feet 2 inches and 5 feet 10 inches. The 3 feet 2 inches and 5 feet 
10 inches have opposite miter cuts as shown. 

As will be seen by the plan, two eight inch pieces will be required, one 
right and one left and two 3 feet 2 inch and one 5 feet 10 inch pieces. Nine 
iron lookouts will be required formed to the shape shown in the detail section^ 
where holes are punched for bolting as there indicated. 



* The illustration roferred to will be found on the back of this page. 
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PART II 



CORNICE WORK 

There is no trade in the building line to-day which has made such 
rapid progress as that of Sheet-Metal Cornice, or Architectural Sheet- 
Metal Work. It is not very long since the general scope of this branch 
of craftsmanship merely represented a tin-shop business on a laige 
scale. But as things are to-day, this is changed. From an enlarged 
tin-shop business, sheet-metal cornice work, including imder that title 
every branch of architectural sheet-metal work, has become one of the 
substantial industiies of the country, comparing favorably with almost 
any other mechanical branch in the building trades. Nor is this work 
confined lo the larger cities, in the smaller towns is shown the prog- 
ress of architectural sheet-metal work in the erection of entire building 
fronts constructed from sheet metal. 

CONSTRUCTION 

Sheet-metal cornices have heretofore, in a great measure, been 
duplications of the designs commonly employed in wood, which, in 
turn, with minor modifications, were imitations of stone. 

With the marked advancement of this industry, however, this 
need no longer be the case. A sheet-metal cornice is not now imita- 
tive. It possesses a variety and beauty peculiarly its own. No pat- 
tern is too complex or too difficult. Designs are satisfactorily executed 
in sheet metal which are impossible to produce in any other material. 
By the free and judicious application of pressed metal ornaments, a 
product is obtained that equals carved work. For boldness of figure, 
sharp and clean-cut lines, sheet-metal work takes the lead of all com- 
petitors. 

In order that there may be no misunderstanding as to the various 
parts contained in what the sheet-metal worker calls a "cornice," 
Fig. 255 has been prepared, which gives the names of all the members 
in the "entablature" — the architectural name for what in the shop is 
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known as the cornice. ITie term ''entablature" is seldam heud 
among mechanics^ a very general use of the word ''oomioe'' having 
supplanted it in the common language of business. 

An entablature consists of three principal parts — the conUce^ die 
IriesXf and the architrave. A glance at the iUustration will serve to 
show the relation that each bears to the others. Among meduwics 
the shop term for architrave is foot^^moulding; for frieze, pond; and for 
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Fig. 255. 

the subdivisions of the cornice, dentil course, modillum ixnms^, tHjd- 
mouldy and crovmHTundd. In the modillion course, are the modiUwiV' 
band and modiUionHTundd; while in the dentil course are the dentil- 
band and deniil-^moiJd. Drips are shown at the bottom of ^he crown- 
and foot-mould fascias, and the ceiling under the crown moold is called 
the planceer. The edge at the top of the cornice is called a lock, and is 
used to lock the metal roofing into, when covering the top of the oor- 
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nice. In the panel, there are the poTiel proper, the paael-mould, and 
the stile. The side and front of the modilUon are also shown. 

Rg. 256 shows the side and front view of what is known as a 
bracket. Lai^ terminal brackets in 
cornices, which project beyond the 
mouldings, and ag^nst which the 
mouldings end, are called trusses, a 
front and a side view of which are 
shown in Fig. 257. A block placed 
above a common bracket against 
which the moulding ends, is called a 
stop block, a front and a side view of 
whidi are shown in Fig. 258. 




Fig. 256. 



Fig. 259 is the front eleva- 
tion of a cornice, in which are 
shown the truss, the bracket, the 
modillion, the dentil, and the 
panel. It is sometimes the case, 
in the construction of a cornice, 
that a bracket or modillion b 
called for, whose front and sides 
are carved as shown in the front 
and side views in Fig. 260. In 
that case, the brackets are ob- 
t^ned from dealers in pressed 
ornaments, who make a specialty 
of this kind of work. The same 
FRONT SIDE appUes to capitals which would 

*■ ^^^- be required for pilasters or col- 

umns, such as those shown in Figs. 261 and 262. The pilaster or 
column would be formed 
up in sheet metal, and the 
capital purchased and sol- 
dered in position. In Fig. 
263, A shows an inclined 
moulding, whlc^, as far as 

general position is con- ^"8- '^' 

cemed, would be the same as a gable moulding. 
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1 inch to the foot. A sectional drawing shows a view of a building oi 
other object as it would appear if cut \a two at a given vertical line — 
as, for example. Fig, 255. Detail dravnngs are ordinarily full size, aiid 





are often called workimj dravings. Tracinfjs are dupLcate drawings, 
made by tracing upon transparenl cloth or pajier placed over the orig- 




Fig. 2C3. 

inal drawii^. Many otlier terms might be introduced here; but 
enough, we believe, ha /e been pre,sented to give tlie student the leading 
general points. 
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A few words are necessary on the subject of fastening Ike comiet 
to the wall. 

Sheet-metal cornices are made of such a wide range of sizes, and 
are required to be placed in so many different locations, that the 
methods of construction, when wooden lookouts are employed and 




Fig. 264. 
when the cornice is put togetlier at the building in parts, are worthy of 
the ino.st careful study. The general order of procedure in putting 
up, is as follows: 

The foot-moulding or architrave a b {Fig. 264) is set upon the 
wall finislied up to /, the drip a being drawn tight against the wall. 
The brickwork is then carrie<l up, and the lookout A placed in position, 
the wall being carried up a few courses higher to hold the lookout in 
position. A board B is then nailed on top of the lookouts (whidi 
should be placed about three feet apart) ; and on this the flange of the 
foot-mould h is fastened, llie frieze or panel 6 c is now placed into 
the lock B, which is closed and soldered; when the lookout C and the 
board D are placed in their proper positions, as before described. 
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The planceer and bed-mould c d are now locked and soldered at 
D, and the lookout E placed in position, with a board F placed under 
the lookouts the entire length of the cornice; onto this board the plan- 
ceer is fastened. Having the proper measurements, the framer now 
constructs his lookouts or brackets G H I E, fastening to the beam at 
T, when the crown-mould dels fastened to the planceer, through the 
flange of the drip at d, and at the top at e. The joints between lengths 
of mouldings, are made by lapping, riveting, or bolting, care being 
taken that they are joined so neatly as 
to hide all indications of a seam when 
finished and viewed from a short 
distance. 

If brackets or modillions are to 
be placed in position, they are riveted 
or bolted in position; or sometimes the I / *^J?^"'** 
back of the cornice is blocked out 
with wood, and the brackets screwed 
in position through their flanges. 

While a galvanized-iron cornice 
thus constructed on wooden lookouts 
will resist fire for a long time, a strict- 
ly fireproof cornice is obtained only 
by the use of metal for supports and 
fastenings, to the entire exclusion of 
wood. This fireproof method of con- 
struction is shown in Fig. 265. In- 
stead of patting up in parts on the building, the cornice is con- 
structed in one piece in the shop or upon the ground, and hoisted 
to the top of the wall in long lengths easily handled. A drip a is used 
at the bottom of the foot-mould, and the joints made in the way in- 
dicated at b and c, with a lock at d. Band iron supports and braces 
are used, formed to the general contour of the parts as shown by A B 
C, and bolted direct to the cornice, as shown, before hoisting. 

When the cornice sets on the wall as at C, anchors are fastened 
to the main brace, as at D and E, with an end bent up or down for 
fastening. If the cornice sets perfectly plumb, the mason carries up 
his wall, which holds the cornice in a firm position. The top and 
back are then frame<l in the usual manner and covered by the metal 




Fig. 265. 
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roofer. In oonstructing cornices in this manner, the mouldings are 
run through solid, bdiind all brackets and modillions. Hie brackets 
and modillions are attached by means of riveting lliioug^ outade 
flanges. 

SHOP TOOLS 

One of the most important tools in cornice or aidiitectuial sdieeU 
metal working shop is the brake. On those operated by hand, sheets 
are bent up to 8 feet in one continuous length. In the laiger jdicq>s, 
power presses or brakes are used, in which sheets are formed up to 10 
feet in length, the press being so constructed that ihey will fbnn ogees, 
squares, or acute bends in one operation. 

Large 8- or 10-feet aquaring shears also fbnn an important ad- 
dition to the shop, and are operated by foot or power. 

When cornices are constructed where the plancear or fnese is very 
wide, it is usual to put crimped metal in, to avoid the waves and buck- 
les showing in the flat surface; for this purpose the crimping maehme 
is used. 

In preparing the iron braces for use in the construction of fire- 
proof cornices, a punching machine and slitting shears are used for 
cutting the band iron and punching holes in it to admit the bolts. 
While braces are sometimes bent in a vise, a small machine known as a 
brace bender is of great value m the shop. In large fireproof building 
constructions, it is necessary that all doors, window frames, and even 
sashes be covered with metal, and made in so neat a manner that, 
when painted and grained, no differences will be apparent to indicate 
whether the material is wood or metal, the smallest bends down to J 
inch being obtained. This, of course, cannot be done on the brakes 
just mentioned, but is done by means of the draw^ench, which is con- 
structed in lengths up to 20 feet and longer, operated by means of an 
endless chain, and capable of drawing the sheet metal over any shaped 
wood mould as tightly as if it were cast in one piece. The smaller 
tools in the shop are similar to those described in the Instruction 
Papers on Tinsmithing and Sheet Metal Work, Part I. 

METHOD EMPLOYED FOR OBTAINING PATTERNS 

Tlie principles applied to cylinder developments as explained in 
tlie Tinsmithing and Sheet Metal Work courses, under the heading 
of "Parallel-Line Developments," are also applicable for obtaining 
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the patterns for any moulding where all members run parallel; for it 
makes no difference what profile is emuloyetl, so long as the lines run 
parallel to one another, the parallel-line method is used. While 
this method is chiefly employed in cornice work, other problems will 
arise, in vAich the "Radial-Line" and Triangulation" methods (ex- 
pluned in previous Papers) will be of service. 

The term generally used in the shop for pattern cutting on cornice 
work is miter cutting. To illustrite, suppose two pieces of mouldings 
are to be joined together at _ 
angle of 90°, as shown in Fig. 
266. The first step necessary 
would be to bisect the given 
angle and obtain the miter- 
line and cut each piece so that 
they would miter together. If a Fig. 268. 

carpenter had to make a joint of this kind, he would place his moulding 
in the miter-box, and cut one piece right and one piece left at an angle 
of 45°, and he would be careful to hold the moulding in its proper po- 
sition before sawing; or else he may, instead of having a return miter 
as shown, have a face miter as in 
' frame, shown in Fie. 




a picture 

267. The sheet-metal cornice- 
maker cannot, after his moulding 
is formed, place it in the miter- 
box to cut the miter, but must 
lay it out — or, in other words, 
develop it — on a flat surface or 
^' " sheet of metal. He must also be 

careful to place the profile in its proper position with the miter- 
line; or else, instead of having a return miter as shown in Fig. 266, he 
will have a face miter as shown in Fig. 267. If he lays out his work 
correctly, he can then cut two pieces, form one right and the other left, 
when a miter will result between the two pieces of moulding and will 
look as shown in Fig. 266. If, however, a face miter is desired, as 
shown in Fig. 267, which is used when miters are desired for panels 
and other purposes, the method of laying them out will be explained as 
we proceed. The same principles required for developing Figs. 266 
and 267 are used, whether the mouldings are mitered at angles of 90^ 
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or otherwise. The method of raking the mouldings — or, in other 
words, changing their profile to admit the mitering of some other 
moulding at various angles — ^will also be thoroughly explained as we 
proceed. 

VARIOUS SHAPES OF MOULDINOS 

The style of mouldings arising in the cornice shop are chiefly 
Roman, and are obtained by using the arcs of a circle. In some cases, 
Greek mouldings are used, the outlines of which follow the curves 
of conic sections; but the majority of shapes are arcs of circles. In 





Fig. 268. Fig. 269. 

Figs. 268 to 272 inclusive, the student is given a few simple lessons on 
Roman mouldings, which should be carefully followed. As all pat- 
tern-cutters are required to draw their full-size details in the shop from 
small-scale drawings furnished by the architect, it follows that they 
must understand liow to draw the moulds with skill and ease; other- 
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Fig. 270. Fig. 271. 

wise freehand cur\'es are made, which lack proportion and beauty. 

In Fig. 268, A shows the mould known as the cyma recta, known 
in the shop as the ogcCj which is drawn as follows: 

Complete a square abed; draw the two diagonals a c and b d, 
intersecting each other at r. Through e, draw a horizontal line inter- 
secting adatf and 6 c at h. Then, witli / and h as centers, draw re- 
spectively the two quarter-circles a e and e c. 
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In Fig, 269, B sliows the cyma reversa, known in the shop as the 
ogee, reversed. Complete a square abed, and draw tlie two diagonals 
6 d and a c intersecting at c; tlirougli e, draw a vertical line intersecting 
ab&tf and c rf at A, which points are the respective centers for the arcs 
a e and e c. 

C in Fig. 270 shows (he cavetto, called tlie cove in the shop, which 
is drawn by completing a square abed. Draw 
the diagonal 6 d at 45°, which proves the 
square; and, using d as a center, draw the 
quarter-circle a c. 

In Fig. 271, D represents the ovolo or 
echinus, known in the shop as the quarter- 
round, whidi is constructed similarly to C in 
Fig. 270, with the exception that b in Fig. 271 
is used to obtain the curv'e a c. 

E in Fig. 272 is known as the torus, known in the shop as a bead- 
mould. A given distance a 6 is bisected, thus obtaining c, which is the 
center with which to describe the semicircle a b. 

All of these profiles should be drawn by the student to any de- 
sired scale for practice. In preparing mouldings from sheet metal. 
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Fig. 273. 
it b sometimes required that enrichments are added in the ogee, cove, 
and head. In that case the mould must be bent toi receive these en- 
richments, which are usually obtained from dealers in stamped or 
pressed Aeet-metai work. Thus, in Fig. 273, F represents a front 
view of a crown mould whose ogee is enriched, the section of the en- 
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richtneiit being indicuted by a h in the section, in which the dotted line 
d c shows the iNMly of the slieet-inetal moulding bent to receive the 
pressed work. In Fig 274, 11 rq>resents part of a bed-mould id whidi 




egg-and-dart enrichments are placed. In this case the body of the 
mould is bent as shown by c fi in the section, after which the ^g-and- 
dart is soldered or nvete<l in position. J in Fig. 275 represents part 




of a foot-nioiild on whicli an enriclied bead is fastened. Tlie body of 
(he moulii wiiiild be; foniied as indicuted by c in the section, and the 
bead « h fastt.'ne<I to it, Tliis same general method is employed, no 
matter what shape the i>re.s,-!e(l work lias. 

PRACTICAL MITER CUTTINQ 
Under tliis heading ecmie the practical shop problems. The prob- 
lems wlii<h will follow should U' drawn to any ilesired scale by the 
student, ilevelopeil, ami l>cnl fmiii stifT canllM>anl to prove die accu- 
racy of the patlerii. If die student cannot use the small brake in the 
.shop an<I test jiis patterns cnt fnnri metal, he can use the dnll blade of 
a table knife, over which tJic bends lan be made, when using canlbounl 
pattenis. This at once i>nive.s interesting and instructive. Should 
there be any |>n)blem which is not <'lear, he shoiUd write at once for 
further information; "r, should any problem arise on which he desires 
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information, the School will inform him which problem in his text- 
books contains similar principles, nr will prqiare such a problem for 
him. 

The first pn)blein will be to obtain the development of a square 
return miter, such as would occur when a moulding had to return 
around the comer of a building, as shown in Fig. 276. In Fig. 277 
are shown two methods of ob- . ^^, 

taining the pattern. The first 
method which will be described 
is the "long" method, in which 
are set forth all the principles 
applicable to obtaining pat- 
terns for mouldings, no matter ^- ^'^■ 
what angle the plan may have. The second method is the "sliort" 

, ELEVAriON 
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rule generally employed in the shop, wfaidi, however, can be used only 
when the angle H G F in plan is 90^, or a right angle. 

To obtain the pattern by the first method, proceed as follows: 
First, draw the elevation of the mould as shown by 1, B, A, 1 1, drawing 
the coves by the rule previously given. Divide the curves into equal 
spaces; and number these, including the comers of the fillets as shown 
by the small figures 1 to 1 1 . In its proper position bdow the devation, 
draw the soffit plan as shown by C D E F G H. Bisect the angle H G 
F by the line G D, which is drawn at an angle of 45^. From the va- 
rious intersections in the elevation, drop lines intersecting the miter-line 
as shown. At right angles to H G, draw the stretdiout line . 1' 11', 
upon which place the stretchout of the mould 1 11 in devation, as 
shown by similar figures on the line 1' ll^ At right angles to 1' 
11', and from the numbered points thereon, draw lines, whidi intersect 
by lines drawn at right angles to H G from similarly numbered inter- 
sections on the miter-line G D. Trace a line through the intersections 




Fig. 278. 

thus obtained, as shown by J G. Then will 1' G J 11' be the desired 
pattern. This gives the pattern by using tlie miter-line in plan. 

In developing the pattern by the short method, on the other hand, 
the plan is not recjuired. At right angles to 1 B in elevation, draw the 
stretchout line V W, upon which place the stretchout of the profile 
1 11 in elevation, as shown by similar figures on I'' 11'', at right 
angles to which draw lines through the numbered points as shown, 
which intersect by lines drawn at right angles to 1 B from similarly 
numbered intersections in the profile in elevation. Trace a line through 
points thus obtained, as shown by G K. Then will G 1* ll'' K be 
similar to J G T 11' obtained from tlie plan. 
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In Fig. 278 is shown a horizontal moulding butting against a 
plane surface oblique in elevation. A miter cut of this kind would 
be required when the return moulding of a dormer window would butt 
against a mansard or other pitched roof. In this case we assume A 
to be the return butting against the pitched roof B. The method of 
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Fig. 279. 

9 

obtaining a pattern of this kind is shown in Fig. 279. Let A B C D 
represent the elevation of the return, A D representing tlie pitch of the 
roof. In its proper position as shown, draw the section 111, which 
divide into equal spaces as shown, and from which, parallel to A B, 
draw lines intersecting the slant line A D from 1 to 11, as shown. At 
right angles to AB erect the stretchout Hne 1' 11', upon which place 
the stretchout of the section as shown by similar figures on 1' 11'. 
At right angles to 1' 11', and through the numbered points thereon, 
draw lines, which intersect by lines drawn at right angles to A B from 
similarly numbered intersections on the slant line A D. Through 
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the various intersections thus obtained, draw E F. Then will E F 
11' 1' be the desired pattern. 

It is sometimes the case that the roof against wfaidi the moulding 
butts, has a curved surface either concave or convex, as shown by B C 
in Fig. 280, which surface L^ convex. Complete the elevation of the 
moulding, as D E; and in its proper position draw the section 1 9, 
whidi divide into equal spaces as shown hj the small figures, from 
which draw horizontal lines until tliey intersect the curved line B C, 
whidi is struck from the center point A. At right angles to the line 
of the moulding erect the line 1' 9', upon whidi place the stretdiout 
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of the section, as shown by the figures on the stretchout line. Through 
the numbered points, at right angles to 1' 9', draw lines, which 
intersect by lines drawn at right angles to 2 1) from similarly numbered 
intersections on the curv^e B C, thus resulting in the intersections 1'' to 
{Y^ in the pattern, a,s shown. The arcs 2" 3" and 7^ S'^ are simply repro- 
ductions of the arcs 2 3 and 7 9 on B (\ Thase arcs can be 
traced by any convenient method; or, if the radius A C is not too long 
to make it inconvenient to use, the arcs in the pattern may be obtained 
as follows: Using A C as radius, and 7" and 8'' as centers, describe 
arcs intersecting each other at A^ ; in similar manner, using 2^^ and S'^ 
as centers, and with the same radius, describe arcs intersecting each 
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other at A'. With the same radius, and with A^ and A' as centers, 
draw the arcs 8* 7* and 3* 2* respectivdy. Trace a line through 
the other various intersections as shown. Then will 1' 1' 9* 9* be the 
desired pattern. 

In Fig. 281 is shown an elevation of an oblong or rectangular 
panel for which a miter-cut is desired on the line a b — known as a 
"panel" or "face" miter. The 
rule to apply in obtaining this 
pattern is shown in Fig. 282. 
A shows the part elevation of 
the panel ; a b and c d, the 
miter-lines drawn at angles of 
45°. In its proper position 
with the lines of the mould- 
ing, draw the profile B, the 
curve or mould of which divide 
into equal spaces, as shown 
by the figures 1 to 7 ; and from 
the points thus obtained, par- 
allel to 1 &, draw lines inter- 




Fig. 281. Fig. 282- 

secting the miter-line a b as shown. From these intersections, par- 
allel to h d, draw lines intersecting also c d. At right angles to fc d 
draw the stretchout line 1' 7', upon which place the stretchout of the 
profile B. At right angles to 1' 7', and through the numbered 
points of division, draw lines, which intersect by lines drawn at right 
angles to b d from similarly numbered intersections on the miter- 
lines a b and c d. Trace lines tlirough the various points of inter- 
section in the pattern as shown. Then will C D E F be the required 
cut for the ends of the panel. 

The same miter-cuts would be employed for the long side o c in 
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Fig. 281, it bang necessary only to make D E in Fig. 282 that Itnglh 
when laying out the patttem on the sheet metal. 

Vniere the miter-cut is required (or a panel whose aisles are other 
than light angles, as, for example, a triangular panel as shown in Fig. 
283, then .proceed as shown in Fig. 284. First draw the deratioD of 
the triangular panel as shown by-A B C, the three aides in the caw 
being equal. Bisect eadi of the angles A, B , and C, thus obtaining the 
miter-lines A c, B b, and C a. In line with the elevation, place in its 
proper portion the profile 
E, whidi divide into equal 
spaces as shown; and horn 
the numbered division 
points, parallel to A C, draw 
lines cutttng'the miter^line 
C a. From these intersec- 
tions, parallel to'C B, draw 
lines intersecting the miter- 
line,6B. At right angles to 
C B draw the stretdiout line 
1' 7', upon v^cji place the 



Fig. 284. 





Fig. 283. 



stretchout of the profile E. 
sion and at right angles to 1' 



Through the numbered points of divi- 
', draw lines as shown, whidi intersect 
by lines drawn at right angles to C B from intersections of similar 
numbers on the miter-lines a C and b B. Through the points thus 
obtiuned, trace the pattern F (J H I, 

It makc:^ no difFerence what shape or angle tlie panel may have; 
the principles above explained are applicable to any case. 

In ornamental :x)mice work, it often happens that tapering mould- 
ed panels are used , a plan and elevation of which are shown in Fig. 285. 
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By referring to the plan, it will be seen that the four parts ba,a b', V a\ 
and a' b are symmetrical; therefore, in practice, it is necessary only to 
draw the one-quarter plan, as shown in Fig. 286, and omit the eleva- 
tion, since the height d e (Fig. 285) is known. Thus, in Fig. 286, draw 
the quarter-plan of the panel, no matter what is its shape, as shown 




Fig. 285. 

by a 1 5 6 9. Divide the curves from 1 5 and 6 9 into equa- 
spaces, indicated respectively by 1, 2, 3, 4, and 5, and 6, 7, 8, and 9. 
From these points, draw lines to the apex a. As the pattern will be de- 
veloped by triangulation, a set of triangles will be required, as shown in 
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Fig. 286. 

Fig. 287, for which proceed as follows: Draw any horizontal line, as 
a 1 ; and from a erect the perpendicular a a' equal to the height the 
panel is to have. Now take the lengths of the various lines in Fig. 286 
from a to 1, a to 2, a to 3, etc., to a to 9, and place them on the line a 1 in 
Fig. 287, as shown by similar numbers. Then using as radii the various 
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tengtha a' 1, a' 2, a' 3, etc, to a' 0, and with any point, as a' in Fig. 
2S8 as center, describe the various arcs shown from 1 to 9. From any 
point on the arc 1 draw a line to a'. Set the dividers equal to the 
spaces contained in die 
curve 1 5 in fig. 286; and, 
starting from 1 in fig. 288 
step from one arc to an- 
othe. having wnilar num- 
bers, as shown from 1 to 5. 
In similar manner, t^lry the 
distance from 5 to 6 and 
^ ^^' the spaces in the curve 6 9 

in Fig. 286, and place th«n on conesponding arcs in Fig. 288, stq>- 
png from one aro to the other, resulting in the points 5 to 9. Trace 
a line through the points 
dius obtained. Then 
will a' 1 5 6 9 a' be the 
tjuarter-pattem, which 
can be joined in one- 
half or whole pattern as 
desired. 

In Fig. 289 is shown 
a perspective of a mould- ^^ 288 

iiig which miters at an 

angle otlier than a right angle- This occurs when a moulding is 
required for over a bay window or oilier stnicture whose angles vaiy. 
The rule given in Fig. 290 is applicable 
to any angle or profile- First draw a 
section or an elevation of the moulding 
asshownbyAB 14 1, Direcdy below 
the moulding, from its extreme point, 
as 2 3, draw a plan of the desired 
angle as shown by C 2 D. Bisect this 
angle by using 2 as center and, with 
any radius, describing an arc meeting 
the sides of tlie axi^W at C and E. Widi the same or any other radius, 
and with (' and K a-s tenters, describe arcs intersecting eadi other in F. 
From the corner 2, draw a line through F. Then will 2 H be the 
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miter-line, or the line bisecting the angle C 2 D. Now divide the 
profile 1 14 into equal spaces as shown by the figures, and from the 
points thus obtained drop verticid lines intersecting the miter-line 2 





Fig. 290. 
H in plan from 1 to 14 as shown- 
At right angles to C 2, draw tlie 
line J K, upon which place the 
stretchout of the profile in elev'ation 
as shown by similar figures on the 
stretchout line, through which drop 
lines perpendicular to J K, which 
intersect with lines drawn parallel 
to J K from similarly numbered 
'*" ■ points of intersection on the miter- 

line 2 H. Trace a line as shown by L M, which is the miter-ait 

desired. 

When two mouldings having different profiles are required to 

miter together as shown in Fig. 291, where C miters at right angles 
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with D, two distinct operations are necessary, whidi are dearly shown 
in Figs. 292 and 293. The first operation is shown in Fig. 292, in 
which C represents the elevation of an ogee moulding whidi is to 
miter at right angles with a moulding of different profile as shown at D. 

Divide the profile C into equal 
I2 spaces, from whidi points draw 
horizontal lines intersecting the 
moulding D from 1' to W. At 
right angles to the line of the 
moulding C, draw the line A B, 
, I 1 1 I upon whidi place the stretdiout 

Li ! !! [I !c H . of the profile C as shown by simi- 

I I j j [ ^.v.^ ^ lar figures on A B. At right 

'I j [ J 3 angles to A B, and throu^ the 

I X I I 





PATTFRN FOR C 
Fig. 292. 



B 



points indicated by the figures, 
draw lines, which intersect with 
lines drawn parallel to A B from 
similarly numbered intersections 
in the profile D. Trace a line 
through the points thus obtained, 
as shown by E II. Then will E 
F G H be the pattern for C in 
elevation. 

To obtain tlie pattern fori), 




PATTERN FOR 



B 



Fig. 293. 



draw the elevation of I) (Fig. 293), which is to miter at right 
angles with a moulding whose profile is C. Proceed in precisely 
tlie same manner as explained in connection with Fig. 292. Divide 
tKe profile D in Fig. 293 into equal parts, as shown, from 
which draw horizontal lines cutting the profile C. At right angles 
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to the lines of the moulding D, draw the stretchout line A B, upon 
which place the stretchout of the profile D. At right angles to A B, 
and through the numbered points of division, draw lines as shown, 
whieli intersect by lines drawn parallel to A B from similarly numbered 
intersections in the profile C. Through these points of intersection 
draw r G. Then will E F G H be the desired pattern for D. 

It should be understood that when the patterns in Figs. 292 and 
293 are formed and joined together, they will form an inside miter, as 
is shown in Fig. 291. 
If, however, an outside 
miter were required, it 
would be necessaiy only 
to use the reverse cuts of 
the patterns in Figs. 292 
and 293, as shown by E J 
H in Fig. 292 for the 
mould C, and F J G in 
Fig. 293 for the mould D. 

When joining a 
curved moulding with a straight moulding in either plan or eleva- 
tion even though the curved or straight mouldings eadi have the 
same profile, it is necessary to establish the true miter-Une before 
the pattern can be correctly developed, an exunple being given in 
Fig. 294, which shows an elevation of a curved moulding which 
is intersected by the horizontal mouldings A B. The method of ob- 
taining this miter-line, also the pattern for the horizontal pieces, is 
clearly shown in Fig. 295. First draw the profile which the horizontal 
moulding is to have, as 1 10. Let the distance 9 B be established. 
Tlien, with C on the center line as center, and A as radius, describe 
the arc B A. From any point on the line 9 B, as a, erect the vertical 
line a b. Through the various di^nsions in the profile 1 10, draw 
horizontal lines intersecting the vertical line a b from 1 to 10 as shown. 
From the center 0, draw any radial line, asCd, cutting the arc B A at e. 
Now take the various divisions on a b, and place them from e tod as 
shown by points 1' to 10*. Then, using as center, with radii deter- 
mine^l by the various points on e d, di^w arcs intersecting horizontal 
lines of similar numbers drawn through the divisions on a h. Through 
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these points of intersection, draw the miter>line shown. The student 
will note that this line is irregular. 

Having obtaine<l the miter-line, llie pattern is obtained for the 
horizontal moulding by drawing tlie stretchout line E F at right angles 
to 9 B. On K F lay off the stretchout of the profile 1 10; and 
through the numbered points and at right angles to E F, draw hori- 
zontal lines, which intersect witli lines drawn at right angles to 9 B 
from similaHy numbered in- 
tersections in the miter-hne 
determined by horizontal lines 
^^' ___— J already drawn through the 
B ' vertical line o b. Trace a line 

s'lO"""' through the points thus ob- 
\ I tained, as shown by H I J K, 
\ , whidi is the desired pattern. 





i, FiK- -'96. 

In V\j;. 2'Mi i.s shown a .sliade<l view of a gable moulding intersect- 
ing a pilaster, the j^able moulding IJ cutting against the vertical pilaster 
A, the joint-line heing represented by it h c To obtain this joint-line. 
without which tlic pattt-rn for the galilc mouhling cannot he developed. 
an operation iu prcijcctiou is re(|uir<il. This is explained in Fig. 297 
in which BCD shows the ])lan of the pilaster .shown in elevation by E, 
In its pn)per]>f)sitioii in plan, place the pnifilc of the gable moulding, 
as shuwu liv A. whicli divi.le into ttpial spaces as shown by the figures 
1 toS. thi-ougli which draw horiwuital lines intersecting the plan of the 
pilaster \\ C I) as shown hy similiir figures. For convenience in pro- 
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jecting the various points, and to avoid a confusion of lines, number 
the intersections between the lines drawn from tlie profile A through 
the wash B 2, "7°", "4°", and "3°". At thedesired point H in eleva- 
tion, draw the lower line of the gable moulding, as H F. Take a 
tracing of the profile A 
in plan, with all of the 
various intersections on 
same, and place it in 
elevation as shown by 
A*, placing the line 1 8 at 
right angles to H F. 
Through the various in- 
tersections 1, 7°, 4°, 3*. 
2,3,4,5,6,7, and 8 in 
A', and parallel to F H, 
draw lines indefinitdy, 
which intersect by lines 
drawn at right angles to 
C B in plan from sim- 
ilarly numbered intersec- __ 
tions in the pilaster C D 
B, thus obtaining the 
points of intersection 1* 
to 8' in elevation. 

For the pattern, pro- 
ceed as follows: At right 
angles to H F, draw the 
stretchout line J K, upon 
which place the stretch- 
out of the profile A or A', 
with all the points of in- 
tersection on the wash ^'^- ^^^' 
1 2. At right angles to J K, and through tiie numbered points, draw 
lines as shown, which intersect by lines drawn at right angles to H 
F from similariy numbered intersections in the joint-line I'' 8' 
Through the points thus obtained, trace the niitcr-cut M N O. Then 
will 1/ M N O P be the pattern for the gable moulding. 

In Fig, 298 are shown gable mouldings mitering upon a wa^. The 
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mouldings A A intersect at any desired angle the wash B. In this case, 
as in the preceding problem, an operation in projection must be gODe 
through, before tlie pattern can be obtmned. This is cleaHy shown 
in Fig. 299. Draw the section of the 
horizontal moulding 6' with the waab 
a b. From this section project tines, 
and draw the part etevatioD D C 
F«8- 298. Knowing the bevel the gable is to 

have, draw C B, in this case the top line of the moulding. Draw a. 
.action of the gable mould, as A, which divide into equal parts as 
.shown from 1 to 8; and through the point of division draw lines 
[tarallel to B C, indefinitely, as shown. Take a tracing of the profile 
A, and place it in section as shown by A'. Divide A into the same 




»" -' '"^ n^> 



ELEVATJON 
FiK. ■2m. 
number of spaces as A; and from the various divisions in A' drop 
vertical Hues intersecting tlie wash a 6 as .shown, from which points 
draw horizontal lines intersecting lines drawn parallel to B C 
through similarly numbered jxtints in A, at 1° to 8°. Trace a hne 
throuffli these intersections a.s shown, which represents the miter-line 
or line of joint in elevation. 

For the pattern, draw any line as E F, at right angles to B C, upon 
which place the .strctcliout of the profile A, as shown by similar figures 
on the stretchout line E I", ^^lrough the numl>ere<I [xiints of division 
and at right angles to E F, ilraw lines an shown, which intersect by 
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Fig. 300. 



lines drawn at right angles to B C from similarly numbered intersec- 
tions on P 8^ and on tlie vertical line B D. A line traced through 
points thus obtained, as shown by G H IJ, will be the desired pattern. 

In Fig. 300 is shown a front view of a turret on which four gables 
are to be placed^ as shown by A A; also the roofs 
over same, as shown by B B. The problem con- 
sists in obtaining the developments of the gable 
mouldings on a square turret. In developing 
this pattern, the half-elevation only is required, 
as shown in Fig. 301, in which first draw the 
center Une E F;. then establish the half-width of 
the turret, as C D, and draw the rake B C. At 
right angles to the line B C, and in its proper 
position as shown, draw the profile A, which 
divide into equal spaces as shown by the figures 
1 lo 6, through which, parallel to B C, draw lines intersecting the 
center line F E as shown; and extend the lines below C, indefinitely. 
Now take a tracing of the profile A, and place it in position as 
shown by A^ being careful to have it spaced in the same number of 
divisions, as shown from 1 to 6, through which, parallel to D C, erect 
lines intersecting similarly numbered lines drawn through the profile 
A, thus obtaining the intersections 1° to 6°, through which a line is 
traced, which represents the line of joint at the lower end between 
the two gables. 

For the pattern, take a stretchout of A, and place it on the line 
J K drawn at right angles to B C, as shown by the figures 1 to 6 on J K. 
At right angles to J K, and through these points of division, draw lines, 
which intersect by lines drawn from similariy numbered intersections 
on F B and 1® 6°. Trace a line through the points thus obtained, 
as shown by F® B° C® 6®, which is the desired pattern, of which eight 
are required to complete the turret, four formed right and four left. 

If the roof shown by B in Fig. 300 is desired to be added to the 
pattern in Fig. 301, then, at right angles to F° 6®, draw the line F® P 
equal to F H in the half-elevation, and draw a line from P to 6° in the 
pattern. 

In Fig. 302 is shown front view of an angular pediment with hori- 
zontal returns at bottom A and top B. In this problem, as in others 
which will follow, a change* of profile is necessary before the correct 
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pattern for the returns can be developed. In other words, a new pro- 
file must be developed fnini the given or nonnal profile before the pat- 
terns for the required parts can be developed. It should be under- 
stood that all given profiles are always divided into equal spaces; there- 
fore the modi6ed profiles will contain unequal spaces, eadi one (^ 




which must be carried separatel;- onto the stretchout line. Bearing 
this in mind, we shall procceil to obtain the niodifieil or changetl pro- 
files and ]mttenis fur the hori/oiitiil rcliinis at tup and fiiot of a gable 
miinlding, jls at B ami A in Fij;. :502, die given pn>file to be placed in the 
gable nionldinn ('. In Fig- '■iO'^i, let C represent die gable moulding 
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placed at its proper angle witli the horizontal moulding G II. Assuni-% 
ing that 6^ 6® is the proper angle, place the given profile A at right 
angles to the rake, as shown; and divide same into ecjual spaces as 
shown from 1 to 10, through which points, parallel to 6^ 6°, draw lines 
towards* the top and bottom of tlie 
raking moulding. Assuming that the 
length 6^ 6° is correct, take a tracing 
of the profile A, and place it in a ver- 
tical position below at A* and above 
at A', being careful to have the points 
6 and 6 in the profiles directly in a ver- ^^S- 303. 

tical position below the points 6^ and 6°, as shown. From the va- 
rious intersections in the profiles A^ and A^ (which must contain the 
same number of spaces as the given profile A), erect vertical lines 
intersecting lines drawn through the profile A, as shown at the lower 
end from 1^ to 10^, and at the upper end from 1° to 1(P. Trace a line 
through the points thus obtained. Then will 1^ 10^ be the modified 
profile for the lower horizontal return, and 1° lOP the modified profile 
for the upper horizontal return. 

Note the difference in the shapes and spaces between these two 
modified profiles and the given profile A. It will be noticed that a 
portion of the gable moulding miters on the horizontal moulding G H 
from 6^ to W. 

For the pattern for the gable moulding, proceed as follows: At 
right angles to E F, draw the stretchout line J K, upon which place 
the stretchout of the given profile A, as shown by the figures 1 to 10 on 
J K. Through these figures, at right angles to J K, draw lines as 
shown, which intersect with lines drawn at right angles to E F from 
similarly numbered intersections in 1° 10° at the top and 1^ 0^ 
lO' at the lower end. Trace a line through the intersections thus ob- 
tained. Then will L M N O be the pattern for C. 

For the pattern for the horizontal return at the top, draw a side 
view as shown at B, making P R the desired projection, and the profile 
1 10 on B, with its various ' intersections, an exact reproduction of 
1° 10° in the elevation. Extend the line R T as R S; and, starting 
from 10, lay off the stretchout of the profile in B as shown by the figures 
1 to 10 on R S, being careful to measure each space separately. At 
right angles to R S draw the usual measuring lines, which intersect 
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by lines drawn parallel to S R from similarly numbered points in the 
profile in B. Trace a line through points thus obtained. Then will 
U V 10 1 be the pattern for the return B. 

In similar manner, draw the side view of the lower horizontal 
return as shown at D, making the projection W 10 equal to P R 




in B, The profile slunvn from 1 to 10 in 1), with all its divisions, is 
to be an exact reproduction of the profile I' to 10* in elevation. Extend 
the line \\ X as X Y, upon which lay off the stretchout of the profile 
1 10 in D, being careful that each space is measuretl separately, 
as they arc all une<[tial. Thiough the figures on X Y draw lines as 
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shown, which intersect by lines drawn parallel to W Y from the various 
intersections in the profile in the side D. A line traced through points 
thus obtained, as shown by Z V, will be the desired cut, and 1 Z 
V 10 the pattern for the return D. 

In Fig. 304 is shown a front view of a segmental pediment with 
upper and lower horizontal returns. 
This presents a problem of obtaining 
the pattern for horizontal returns at 
top and foot of a segmental pediment, 
shown respectively at A and B, the 
given profile to be placed in C. The ^^- ^^* 

principles used in obtaining these patterns are similar to those 
in the preceding problem, the only difference being that the mould- 
ing is curved in elevation. In Fig. 305 the true method is clearly 
given. First draw the center line B D, through which draw the horizon- 
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Fig. 305. 

tal line C C*. From the line C C^ establish the height E; and with the 
desired center, as B, draw the arc E C intersecting the line C* C at C. 
In its proper position on a vertical line F G, parallel to D B, draw the 
given profile of the curved moulding as shown by A, which divide into 
equal spaces as shown from 1 to 10. Through these figures, at right 
angles to F G, draw lines intersecting the center line D B as shown. 
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Tlien, using B as center, with radii of various lengths corresponding 
to the various distances obtained from A, describe arcs as shown, ex- 
tending them indefinitely below the foot of the pediment. Hie point 
C or 6" being established, take a tracing of the pro61e A, with all the 
various points of intersection in same, and place it as shown hy A', 
being careful to have the point 6 in A' oome direcdy below the point 
6* in elevation in a vertical position. Then, from the various inter- 
sections in A- erect vertical lines intersecting similarly numbered arcs 
drawn from the profile A. Trace a line as shown from 1' to IC, 
which is the modified profile for the foot of the curved moulding. 

Establish at pleasure the point 1' at the top, and take a tradng 
of the given profile A. placing it in a vertical position below 1', as 
shown by A'. From the various 
intersections in A' erect vertical 
lines intersecting similarly num- 
bered arcs as before. Through 
these intersections, shown from 
1' to 10', trace the profile shown, 
which is the modified profile for 
the top return. 

The curved moulding shown 

in elevation can be made either 

by hand or by machine. The 

{^(■neral method of obtaining the 

'''""■ lilank or pattern for the curved 

■(■rage ii line lliroiigli the extreme points of the 

xteiiiliiig it uiilil it intersects a line drawn at right 

I the center B, as BH, at K. 

) into any further denion.stration about this curved 
\> at its proper time later on. 
upper iiiul lower return mouldings, 
nor a.s explaine<l in connection with 




monl(lin<; is 1.. 
pn>fi!c A. as I J, 
angles lo 1)11 fr, 

We will TH.I go into i 
work, astlHMiiiiKerrtill 1; 

Til itlilaiii (lie ]ial(er 
proceed in preiiscly the same i 
retLirii> H -.-.l D in I'ig. ;!();!. 

in I-V-i'^iare^howntlie 



iSi.i 



pr 



ingle. .1- pit 



plan and elevation of a gable moulding 
Tills ]>iiil>lein sliiinl.l lie nirefnlly followed, as it 
-ting slndy in projections; and the principles used in 
Iso :i)i|)lical>le to otlier problems, no matter what 
gable lias. My referring to the plan, it will be seen 
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that the moulding has an octagon angle in plan ab c, while similar 
points in elevation a' b' c' run on a rake in one line, the top and foot 
of the moulding butting agiunst the brick piers B and A. 

The method of proceeding with work of this kind is explained in 
detail in Fig 307, where the principles are thoroughly explained. Let 
A B C D E represent a plan view of the wall, over which a gablp 
moulding is to be placed, as shown by G H I J, the given profile of thr 




Fig. 307. 
iroiilding being shown by L M. Divide the profile into equal spaces 
as sliown by the figures 1 to 8. Parallel to I H or J G, and through the 
figures mentioned, draw lines indefinitely as shown. Bisect the angle 
B C Din plan, and obtain the mitor-line as follows: With C as center, 
and any radius, descril>e the arc N O. With N and O as centers, and 
any radius greater tlian C- N or C O, descrilie arcs intersecting each 
other at P. From the point C, and through the intersection P, draw 
the miter-line C Q. Transfer the profile L M in elevation to the posi- 
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tion shown bj R S in plan, dividing it into the aame number of ^mosb 
as L M. lliiou^ the figures in the profile "R S, and paralH to D C, 
draw lines intersecting the miter-line C Q, aa shown. Flom the inter- 
sections on the miter^Une, and parallel to C 6, draw lines intraaectitig 
the surface B A. Now, at right angles to C D in plan, and fram die 




SOFFIT PLAN 

Fig. 308. 
intersections on the miter-line C Q, draw vertical lines upward, inter- 
secting lines of similar numbers drawn from points in profile L M in 
elevation parallel to J G. A line traced through points thus obtained, 
as shown from 1' to 8', will be the miter-Une in devation. 

For the pattern for that part of the moulding shown by C D E Q' 
in plan, and H G 8' 1' in elevation, proceed as follows: At ri^t 
angles to 1 H in elevation, draw the line T U, upon which place the 
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stretchout of the profile L M, as shown by the figures 1 to 8. At right 
angles to T U, and through these figures, draw lines, as shown, which 
intersect with lines of similar number drawn at right angles to 1 H 
from intersections on the miter-line 1' 8' and from intersections 
against the vertical surface H G. Lines traced through points thus 
obtained, as shown by V W X Y, will be the pattern for that part of 
the gable shown in plan by C D E Q' of Fig. 307. 

In Fig. 308, on the other hand, the position of the plan is changed, 
so as to bring the line A Q horizontal. At right angles to B C draw 
the vertical line C E, on which locate any point, as E. In the same 
manner, at right angles to C B, draw the vertical line B J indefinitely. 
From the point E, parallel to B C, draw the line E 8^^, intersecting 
the line J 6, as shown. Now take the distance from 8^^ to J in eleva- 
tion, Fig. 307, and set it off from 8^^ toward J in Fig. 308. Draw a line 
from J to E, which will represent the true rake for this portion of the 
moulding. Now take the various heights shown from 1 to 8 on the 
line Z Z in elevation in Fig. 307, and place them as shown by Z Z in 
elevation. Fig 308, being careful to place the point 8 of the 
line Z Z on the line 8" E extended. At right angles to Z 
Z, and from points on same, draw lines, which intersect 
with lines drawn at right angles to B C from intersec- 
tions of similar numbers on C Q in plan. A line traced 
through points thus obtained, as shown by D E in eleva- 
tion, will be the miter-line on C Q in plan. 

From the intersections on the miter-line D E, and 
parallel to E J, draw lines, which intersect with lines 
drawn from intersections of similar numbers on A B in 
plan at right angles to B C. A Hne traced through points 
thus obtained, as shown by F J, will be the miter-line 
or line of joint against the pier shown in plan by B A. 

Before obtaining the pattern it will be necessary to obtain a true 
section or profile at right angles to the moulding F D. To do so, pro- 
ceed as follows: Transfer the given profile L M in elevation in Fig. 
307, with the divisions and figures on same, to a position at right angles 
to F D of Fig. 308, as shown at L. At right angles to F D, and from 
the intersections in the profile L, draw lines intersecting those of simi- 
lar numbers in F D E J. Trace a line through intersections thus ob- 
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tained, as shown from 1 to 8, thus giving the profile M, or true sectiona 
at right angles to F D. 

For the pattern, proceed as follows: At right angles to F D, 
draw the line H K, upon which place the stretchout of the profile M, as 
shown by the figures. At right angles to H K, and through the figures, 
draw lines, which intersect with those of similar numbers drawn at 




rij^lit iuiglcs 1<) V I) fiiiiii ]M>iiit.s of intersection in tlic miter-lines D E 
iin.l J !•■, as .shown. Line's iracoil throiiuli p>i»ts tluis obtaJneil, as 
.slidWTi liv \ <) P it, "ill lie the iiiitteni for the raking moulding shown 
- In ]>liin.'l"itr. :!()7, l.y A It C li'. 

In Fif;. ^W h slunvii n viovof a .spire, square in plan, intersecting 
four i.Ml>les. Li ]>r;iflice. eiicli siile A is <level(ipe(l separately in a 
manner .sliinvn in I-'ifj. :!l(l. in «lii<-li lir.st iliaw llic center line through 
the cciitpr of the frahle, as E F. Kslablisli points B and C, fmm whidi 
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draw lines to the apex F. At pleasure, establish A D. At right angles 

to F E, and from B and J, draw the lines B H and J K respectively. 

For the pattern, take the distances B K, K A, and A F, and place them 

as shown by similar letters 

on the vertical line B F in 

Fig. 311. At right angles 

to B F, and through points 

B and A, draw lines as 

shown, making B H and B 

H* on the one hand, and 

A N and A O on the other 

hand, equal respectively to 

B H and A N in elevation in 

Fig. 310. Then, in Fig. 





Fig. 312. 



Fig. 313. 



311, draw lines from N to H to K to ff to O, as shown, which repre- 
sents the pattern for one side. 

In Fig. 312 is shown a perspective view of a drop B mitering 
against the face of the bracket C as indicated at A. The principles 
for developing this problem are explained in Fig. 313, and can be ap- 
plied to similar work no matter what the profiles of the drop or bracket 
may be. Let A B C D E represent the face or front view of the bracket 
drop, and F H G I the side of the drop and bracket. Divide one-half 
of the face, as D C, into equal spaces, as shown by the figures 1 to 7 
on either side, from which points draw horizontal lines crossing H G 
in side view and intersecting the face H I of the bracket at points 1' to 
7'. In line with H G, draw the line J K, upon which place the stretch- 
out of the pn)file B C D, as shown by 1 to 7 to 7 to 1 on J K. At right 
angles to J K, draw the usual measuring lines as shown, which inter- 
sect by lines drawn parallel to J K from similarly numbered intersec- 
tions on H I. Trace a line through the points thus obtained. Then 
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Fig. 314. 



will J K I^ be the pattern for the return of the drop on the face of the 
bradcet. 

In Vig. 314, A shows a raking bracket placed in agable mouklu^. 
When brackets are placed in a vertical position in any raking moulding, 
they are called "raking" bradcets. B represents a rakii^ bracket 
placed at the center of the gable, llie patterns which will be devdc^ 
ed for the bracket A are also used for B, the cuts being similar, theoidy 
difference being that one-half the 
width of the bracket in B ia 
fonned ri^t and the other half 
left, the two halves being then 
joined at the ao^e as shown. 

In Fig. 315 are shown the 
principles employed tor obtain- 
ing the patterns for the side, 
face, ank strips, cap, and returns 
for a taking hndseL These 
principles can be applied to any 
form or angle in the bracked or 
gable moulding respectively. Let S U V T r^resent part of a 
front elevation of a raking cornice placed at its proper aisles with 
any perpendicular line. In its proper portion, draw the outUne of the 
face of the bracket as shown by E G M O. Also, in its proper position 
as shown, draw the nonnal profile of the side of the bracket, indicated 
by 6-Y-Z-15; the normal profile of the cap-mould, as W and X; and 
the normal profile of the sink strip, as indicated by 10 lO* 15' 15. 
Complete the front elevation of the bracket by drawing lines par- 
allel to K O from points 7 and 9 in the normal profile; and establish 
at pleasure the width of the sink strip in the face of the bracket, as at 
J K and L H. To complete the front elevation of the cap-mould of 
the bracket, proceed as follows : Extend the lines G E and M O of the 
front of (he brackets, as shown by E 6 and C) 6, on which, in a vertical 
position as shown, place duplicates (W, W) of the normal profiles \V 
and X, divided into equal .spaces as shown by the figures 1 to G in W 
and W'. From these intersections in W and W, drop vertical lines, 
/hich intersect by lines drawn parallel to E O from ^milariy numbered 
intersections in X, and trace lines through the points thus obtained. 
Then will U E and 1* represent respectively the true elevations, also 
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the true profiles, for the returns at top and foot of the cap of the raking 
bracket. 

Now divide the normal profile of the bracket into equal spaces, as 
shown by the figures 6 to 15, through which, parallel to E O, draw lines 
intersecting the normal sink profile from 10' to 15' and the face lines 
of the bracket EFG, JH, KL, and ONM, as shown. To obtwn the 




Fig. 315. 
true profile for the side of the bracket on tlie lines OM and GE, pro- 
ceed as follows: Parallel to OM, draw any line, as Y' Z'; and at right 
angles to OM, and from the various intersections on the same, draw 
lines indefinitely, crossing to the line Y* Z* as shown. Now, measuring 
in each instance from the line YZ in the normal profile, take the various 
distances to points 6 to 15 and 15' to W, and place them on similarly 
numbered lines measuring in each and eveiy instance from the line 
Y* Z', thus obtaining the points 6' to 15' and 15" to 10", as shown. 
Trace a line through the points thus obtained. Then will Y' 6' 
7' 9' 10" 15' Z' be the pattern for the side of the raking bracket. 



232 



SHEET METAL WORK 



and W l(f IS^ 15' the pattern for the ank strip shown by the 
lines K L and H J in the front 

For the pattern for the face strip B, draw any line, as A' B\ at 
right angles to G M, upon which place the stretdiout of 10 15 in the 
normal profile, as shown from 10 to 15 on A^ B^ Through these 
points, at right angles to A* BS draw lines as shown, whidi intersect 
with lilies drawn from similar intersections on the lines F G and H J. 
Trace a line through points thus obtained as shown by F^ G^ IP 3^, 
which will be the pattern for the face B, B. 

For the pattern for the sink-face C, draw O I> at right angles to 
GM, upon \^ich place the stretchout of lO' 15' in the normal profile 
as shown from lO' to 15' on O DS through which, at right angles to 
C D\ draw lines, whidi intersect by 
lines drawn from similar intersections 
on K L and H J. Trace a line through 
the points so obtained as J"^ K"^ L"^ H"^, 
whidi is the pattern for the sink- 
face C. 

The pattern for the cap D and 
the face A will be developed in one 
piece, by drawing at right angles to 
EO the line E^ FK At right angles 





Fig. 316. Fig. 317. 

to E* F', and through the figures, draw lines, which intersect witli lines 
drawn at right angles to EO from similarly numbered intersections on 
REF and NOP. A line traced through the points thus obtained, as 
shown by R° E° F° and N° 0° P° will be the pattern for D and A. 

For the patterns for the cap returns R E and O P, draw any line 
at right angles to 1 1 in the normal profile, as H^ G', upon which 
place the stretchouts of the profiles R E and O P, being careful to carry 
each space separately onto the line H^ GS as shown respectively by 
r>^' 1^ and 6* 1^. Through these points draw lines at right angles to 
(i* HS which intersect by lines drawn at right angles to 1 1 from 
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similar numbers in W and X. Trace lines through the points thus 
obtained. Then will N^ O* 11^ S* be the pattern for the lower return 
of tlie cap, R E; while J* M^ L* K* will be the pattern for the upper re- 
turn, P O. 

In Fig. 316 is shown a perspective view of a gutter or eave- 
trough at an exterior angle, for which an outside miter would be re- 
(juired. It is immatorifil what shape the gutter has, the method of 
obtaining tbe pattern for the miter is the same. In Fig. 317 let 1 9 
10 rej)resent the section of the eave-trough with a bead or wire 
edge at ah c; divide the wire wlge, including the gutter and flange, into 
an iH|ual number of spaces, as shown by the snudl divisions (/ to 1 to 9 
to 10. Draw any vertical line, as 
A B, upon which place the stretch- 
out of the gutter as shown by simi- 
lar letters and numbers on A B, 
through which, at right angles to 
A B, draw lines, which intersect by 
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Fig. 318. 



Fig. 319. 



i^nes drawn parallel to AB from similar points in the section. Trace 
X line through the points thus obtained. Then will C D E F be the 
pattern for the outside angle shown in Fig. 31 G. 

If a pattern is required for an interior or inside angle, as is shown 
in Fig. 318, it is necessary only to extend the lines C D and F E in the 
pattern in Fig. 317, and draw any vertical line, as J H. Then will J D 
E H be the pattern for the inside angle shown in Fig. 318. 

In Fig. 319 are shown a plan and elevation of a moulding which 
has more projection on the front than on the side. In other words, A B 
represents the plan of a brick pier, around which a cornice is to be 
constructed. The projection of the given profile is equal to C, the 
profile in elevation being shown by C^ The projection of the front 
in plan is also equal to C, as shown by C. The projection of the left 
side of the cornice should be only as much as is shown by D in plan. 
Tliis reciuires a change of profile through D, as shown by D^ To ob- 
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tain this true profile and the various patterns, proceed as shown in 
Fig. 32(), in whicli A B C D represents the plan view of the wall, against 
which, in its proper position, the profile E is placed and divided into 
e<|ual spaces, as shown by the figures 1 to 12. Through 1 2, par- 
allel to C D, draw G F. Locate at pleasure the projection of the le- 
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turn mould, as B 11, and draw H (J parallel to B C, intersecting P 6 
at G. Draw the miter-liiK* in plan, G C. From the various divisions 
in tlie pn>(ile E, draw lines parallel to C D, intersecting the miter-line 
C G as shown. From these intersections, erect vertical lines indefi- 
nitely, as shown. Parallel to these lines erect the line K J, upon which 
place a duplicate of the ])r()file E, with the various divisions on same, 
as shown by E*. 'i'iirongh these divisions draw horizontal lines in* 
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tersecting the similarly numbered vertical lines, as shown by the in- 
tersectiona 1 to 12'. Trace a line through these points. Then will 
F^ be the true section or profile on H B in plan. 

For the pattern for the return H G C B in plan, extend the line 
B A, as B M, upon which place the stretchout of the profile P, being 
careful to measure each space separately (as they are unequal), as 
shown by figures 1' to 12' on M B. 

At right angles to this line and through the figures, draw lines, 
which intersect by lines drawn at right angles to H G from similar 
points on C G. Trace a 

A 



line through the points 
thus obtained. Then 
will ff G^ C^ B^ be the 
pattern for the return 
mould. 

The pattern for the 
face mould GCDF is 
obtained by taking a 
stretchout of the profile 
E and placing it on tlie §< 
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Fig. 321. Fig. 322. 

vertical line P O, as shown by similar figures, through which, at 
nght angles to P O, draw lines intersecting similarly numbered lines 
previously extended from C G in plan. Trace a line through these 
intersections. Then will 1 B^ O 12 be the miter pattern for the face 
mould. 

In Fig. 321 is shown a perspective view of a gore piece A joined 
to a chamier. This presents a problem often arising in ornamental 
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sheet-metal work, the development of which is given in Fig. 322. LfCt 
A B C D show the elevation of the comer on which a gore piece is re- 
quired. H 7' E in plan is a section through C D, and E F G H is 
a section through X I, all projected from the elevation as shown. The 
profile 1 7 can be drawn at pleasure, and at once becomes the pattern 
for the sides. Now divide the profile 1 7 into an equal number of 
spaces as shown, from which drop vertical lines onto the side T E 
in plan, as shown from 1' to 7'. From these points draw lines parallel 
to F G, intersecting the opposite side and crossing the line 7' V 

(which is drawn at right angles to F G 
from T) at 1" 2r Z'' r 5^" G'^. Draw any 
line parallel to C D, as K J, upon whidi 
place all the intersections contained on 7' 
1" in plan, as shown by 1° to 7° on K J. 
From these points erect perpendicular lines, 
which intersect by lines drawn from simi- 
larly numbered points in elevation parallel 
to C D. Through the points thus obtained 
trace a line. Then will 1^ to 7^ be the true 
profile on 7' V in plan. 
For tlie pattern for the gore, draw any vertical line, as A B in Fig 
323, upon which place the stretchout of the profile 1^ 7^ in Fig. 322, 
as shown by similar figures on A B in Fig. 323. At right angles to AB, 
and thn)Ugh the figures, draw lines as shown, Now, measuring in 
each instance from the line 7' V in plan in Fig. 322, take 
the various distances to points 1' to 7', and place them 
in Fig. 323 on similarly numbered lines, measuring in 
each instance from the line A B, thus locating the points Fig. 324. 
shown. Trace a line through the points thus obtained. Then will 
F G 7 be the pattern for the gore showTi in plan in Fig. 322 
by F G 7\ 

In Fig. 324 is shown a face view of a six-pointed star, which often 
arises in cornice work. No matter how many points the star has, the 
principles which are explained for its development are applicable to 
any size or shape. Triangulation is employed in this problem, as 
shown in Fig. 325. First draw the half-outline of the star, as shown by 
A B C 1) E F (;. Above and parallel to the line AG, draw JH of 
similar length, as shown. Draw the ^^ection of the star on A G in plan, 
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as shown by J K H. Project K into plan as shown at I, and draw the 
miter-lines B I, C I, D I, E I, and F I. As K H is the true length on 
I G, it is necessary that we find the true length on I F. Using I F as 
radius and I as center, draw an arc intersecting I G at a. From a 
erect a line cutting J H in section at b. 
Draw a line from 6 to K, which is the 
true length on I F. 

For the pattern, proceed as 
shown in Fig. 326. Draw any line, 
as K H, equal in length to K II in Fig. 
325. Then, using K 6 as radius and 
K in Fig. 326 as center, describe the 
arc b by which intersect at a and a by 
an arc G G struck from II as center 
and with F G in plan in Fig. 325 as 
radius. Draw lines in Fig. 326 from 
KtoatoHtoatoK, which will be the pattern for one of the points 
of the star of which 6 are required. 

When bending the points on the line HK, it is necessary to have a 
stay or profile so that we may know at what angle the bend should be 
made. To obtain this stay, erect from the comer B in Fig. 325 a line 
intersecting the base-line J H at c, from which point, at right angles to 
J K, draw c d. Using c as center, and c d as radius, strike an arc inter- 
secting J H at e. From e drop a vertical line meeting A G in plan at 

d/. Set off i B^ equal to i B, and draw a line 
from B to d' to B*, which is the true profile 
after which the pattern in Fig. 326 is to be 
bent. If the stay in Fig. 325 has been cor- 
rectly developed, then d' B^ or d' B must equal 
e a in Fig. 326 on both sides. 

In Fig. 327 is shown a finished elevation 
of a hipped roof, on the four comers of which 
a hip ridge A A butts against the upper base B 
and cuts off on a vertical hne at the bottom, as C and C. To obtain 
the true profile of this hip ridge, together with the top and lower cuts 
and the patterns for the lower heads, proceed as shown in Fig. 328, 
where the front elevation has been omitted, this not being necessary, 
as only the part plan and diagonal elevation are required. First draw 
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the part plan as shown by A B C D E F A, placing the hip or diagonal 
line F C in a horizontal position; and make the distances between the 
lines F A and C B and between F E and C D equal, because the roof 
in this case has equal pitch all around. (The same principles, how- 
ever, would be used if the roofs had unequal pitches.) Above 

the plan, draw the line 
GH. From the points 
F and C in plan, erect 
the lines F G and C I, 
extending C I to C? so 
that I C^ will be the re- 
quired height of the roof 
above G I at the point 
C in plan. Draw a line 
from G to O, and from 
C* draw a horizontal and 
vertical line indefinitely, 



FRONT ELEVATION 
Fig. 327. 

as shown. Then will I G C^ be a true section on the line of the 
roof on F C in plan. 

The next step is to obtain a true section of the angle of the roof at 
right angles to the hip line G C* in elevation. This is done by drawiiig 
at right angles to F C in plan, any line, as ah, intersecting the lines 
F A and F E as shown. Extend a b until it cuts tlie base-line G I in 
elevation at c. From c, at right angles to G CS draw a line, as c d, 
intersecting (x C^ at cL Take the distance c d, and place it in plan on 
the line F C, measuring from i to d\ Draw a line from a to d' to 6, 
which is the true angle desired. On this angle, construct the desired 
shape of the hip ridge a>s shown by J, each half of which divide into 
eciiial spaces, as sliown l^y the figures 1 to G to 1. As the line G C^ rep- 
resents the line of the roof, and as the point rf' in plan in the true angle 
also represents that line, then take a tracing of the profile J with the 
various points of intersection on same, together with the true angle 
a d' h, and place it in the elevation as shown by J* and a' d" b\ being 
careful to place the point d'^ on tlie line G C\ making a' V parallel to 
G O. From the various points of intersection in the profile J, draw 
lines parallel to F C, intersecting B C and A F at points from 1 to 6, 
as sliown. As both sides of the profile J are symmetrical, it is necessary 
only to draw lines^ through one-half. 



270 



SHEET METAL WORK 



In similar manner, in elevation, parallel to G C, draw lines 
through the various intersections in J', which intersect by lines drawn 
at right angles to F C in plan from similariy numbered points on A F 




Fig. 328. 

and BC. Trace a line through the points thus obtained. Then will 

K L be the miter-line at the bottom, and M N the miter-line at the top. 

For the pattern, draw any line, as O P, at right angles to G C, 
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upon whidi place the stretchout of J in plan or J^ in devationy as shown 
by the figures 1 to 6 to 1 on O P; and through these numbered points, 
at right angles to O P, draw lines, which intersect by lines drawn at 
right angles to G O from similar intersections in the lower miterJine 
K L and upper miter-line N M. Trace a line through the points thus 
obtained. Then will R S T U be the dedred pattern. 

In practice it is necessary only to obtain one miter-cut — either the 
top or the bottom — and use the reverse for the opposite side. In other 
words, U T is that part falling out of R S, the same as R S b that part 
whidi cuts away from U T. The upper miter-cut butts against B in 
Fig. 327; while the lower cut requires a flat head, as shown at C. To 
obtain this flat head, extend the line I G in fig. 328, as I W, upon 
whidi place twice the amount of spaces contained on the line A F in 
plan, as 6, 3— 5, 4, 1, 2, as shown by similar figures on either side of 
6 on the line V W. From these divisions erect vertical lines, which 
intersect by lines drawn parallel to V TV from similarly numbered 

intersections in the miter-line 
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KLG. A line traced through 
the points thus obtained, as 
shown by X Y Z, wiU be the 
pattern for the heads. 

Where a hip ridge is re- 
quired to miter with the apron 
of a deck moulding, as shown 
in Fig. 329, in whidi B repre- 
sents the apron of the deck cornice, A and A the hip ridges mitering 
at a and a, a slightly different process from that described in the 
preceding problem is used. In tliis case the part elevation of the 
mansard roof must first be drawn as shown in Fig. 330. Let ABC 
K represent the part elevation of the mansard, the section of the 
deck moulding and apron being shown by D B E. Draw E X par- 
allel to B C. EX then represents the line of the roof. In its proper 
position, at right angles to B C, draw a half-section of the hip mould, 
as shown by F G, which is an exact reproduction of B E of the deck 
mould. Through the comers of the hip mould at Y and G, draw 
lines parallel to B C, which intersect by lines drawn parallel to B .A 
from V, W, and E in the deck cornice. Draw the miter-line H I, 
which completes the part elevation of the mansard. 
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Before the patterns can be obtained, a developed surface of the 
mansard must be drawn. Therefore, from B (Fig. 330), drop a ver- 
tical line, as B J, intersecting the line C K at J. Now take the dis- 
tance of B C, and place it on a vertical line in Fig. 331, as shown by 
B C^ Through these two points draw the horizontal lines B A and 
C K as shown. Take the projection J to C in Fig. 330, and place it as 
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Fig. 330. 

shown from C^ to C in Fig. 331, and draw a line from C to B. Then 
will A B C K be the developed surface of A B C K in Fig. 330. 

As both the profiles B V W E and F Y G are similar, take a tracing 
of either, and place it as shown by D and D^ respectively in Fig. 331. 
Divide both into the same number of equal spaces, as shown. Bisect 
the angle A B C by establishing a and b, and, using these as centers. 
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by describing arcs intersecting at c; then draw d B, whidi represents 
the miter-line. Through the points in D and D', draw lines parallel 
to their respective moulds, as shown, intersecting the miter-line B d 
and the base-line C C. 

For the pattern for the hip, draw any line, as E F, at right angles 
to B C, upon which place twice the stretchout of D, as shown by the 
divisions 6 to 1 to 6 on EF. Through these divisions draw lines at 




FiE. Ml. 
right angles to K F, iutcrsetting similarly numbereil lines drawn at 
right angles to B C fmni the ilivisions on B d anil C C. Trace a line 
through the points tliii.s Dbtaincil. Tlien will G IIJ L be the pattern 
for the hip ridge. 

TOicn bending tlii:; ridge in the machine, it is necessary to know 
at what angle the line I in the pattern will he bent. A true section 
mu.st be obtaimxl at right angles to the line of hip, for which proceed as 
shown in Fig. .'i'SO. Directly In line with the elevation, construct a 
part plan LMN (),thnjngh which, at an angle of 45d^rees (because 
the angle LOXisaright angle), draw the hip hne OM. Establish at 
pleasure any i>«)int, as I" on () M, fmin which erect the vertical line 
into the elevation cnis.siiig the base-line C K at P and the ridge-line 
C B at R. Parallel to O M in plan, draw O' P', equal to O P', as 
shown. Extend P' P^ a.s P^ U', which make equal to PR in elevation. 
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Draw a line from R* to O*. Then O^ R* P represents a true section on 
OP^ in plan. Through any point, as a, at right angles to OM, draw 
be, cutting L O and ON at b and c respectively. Extend 6 c until it 
intersects O* P at d. From d, at right angles to O* RS draw the line 
d e. With d as center, and de as radius, draw the arc e e\ intersecting 
O^ P at e', from which point, at right angles to OM in plan, draw a 
line intersecting OM at e^. Draw a lire from 6 to ^ to c, which repre- 
sents the true section of the hip after which the pattern shown in Fig. 
331 is formed. 

The pattern for the deck mould D B in Fig. 330 is obtained in the 
same way as the square miter shown in Fig. 277; while the pattern for 
the apron D* in Fig. 331 is the same as the one-half pattern of the hip 
ridge shown by n H 1 6. 

In Fig. 332 is shown a front elevation of an eye-brow dormer. In 
this view ABC represents the front view of the dormer, the arcs being 
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Fig. 332. 

struck from the center points D, E, and F. A section taken on the 
Ime H J in elevation is shown at the right; L M shows the roof of the 
dormer, indicated in the section by N; while the louvers are shown in 
elevation by O P and in section by RT. 

In Fig. 333 is shown how to obtain the various patterns for the 
various parts of the dormer. ABC represents the half-elevation of the 
dormer, and EFG a side view, of which EG is the line of the dormer 
EF that of the roof, and GF the line of the pitched roof against whidi 
the dormer is required to miter. 

The front and side views being placed in their proper relative 
positions, the first step is to obtain a true section at right angles to EF. 
Proceed as follows: Divide the curve A to B into a number of equal 
spaces, as shown from 1 to 9. At right angles to A C, and from the 
figures on A B, draw lines intersecting E G in side view as shown. 
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From these intersections, and panlld to EF, dnw lines intosortiiig 
dte toof-liue GF at 1*, 2*, 3*, etc. Pandlet to EF, and from the pant 
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Fig. 333. 

G, draw any line indefinitely, aa G H. At right angles to EF, and 
from the point E, draw the line EH, intersecting lines preriouslv diawn. 
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at IS 2*, 3S etc., as shown. Now take a duplicate of the Une E H, with 
the various intersections thereon, and place it on the center line AC 
extended as K J. At right angles to K J, and from the figures V, V, 3', 
etc., draw lines, which intersect with those of similar numbers drawn 
at right angles to CB, and from similariy numbered points on the curve 
A B. Trace a line through the points of intersection thus obtained. 
Then KLM J will be one-half the true profile on the line E H in side 
view, from which the stretchout will be obtained in the development 
of the pattern. 

For the pattern for the roof of the dormer, draw at right angles 
to EF in side view the line N O, upon which place the stretchout of 
one-half the true profile on the line EH as shown by the small figures 
1*, 2^, 3S etc. Then, at right angles to N O, and through the figures, 
draw lines, which intersect with those of similar numbers drawn at 
right angles to EF from intersections on EG and GF. Trace a line 
through the points thus obtained. Then will PRST represent one- 
half the pattern for the roof. 

To obtain the pattern for the shape of the opening to be cut into 
the roof, transfer the line GF, with the various intersections thereon, 
to any vertical Une, as UV, as shown 
by the figures 1®, 2*, 3®, etc. In 
similar manner, transfer the line 
CB in front view, with the various 
intersections on same, to the line 
ZW, drawn at right angles to UV, 
as shown by the figures 1, 2, 3, etc. 
At right angles to UV, and from ^ ^^^ _ 
the figures, draw lines, which in- ^^v^-Jijv^ 
tersect with those of similar num- j^ 
bers drawn at right angles to YZ. ^ 

Through these points, trace a line. ^^8- 334. 

Then will UXYZ be the half-pattern for the shape of the opening 
to be cut into the main roof. 

For the pattern for the ventilating slats or louvers, should they 
be required in the dormer, proceed as shown in Fig. 334. In this 
figure, A B C is a reproduction of the inside opening shown in Fig. 333. 
Let 1, 2, 3, 4, 5 in Fig. 334 represent the sections of the louvers which 
will be placed in this opening. As the methods of obtaining the pat- 
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terns for all louvers are alike, the pattern for louver No. 4 will illus- 
trate the principles employed. Number the various bends of louver 
No. 4 as shown by points 6, 7, 8, and 9. At right angles to A B, and 
from these points, draw lines intersecting the curve A C as 6*, 7*, 4^, 8*, 
and 9^ On B A extended as E D, place the stretchout of louver No. 4 
as shown by the figures on ED. Since the miter-line AC is a curve, 
it will be necessary to introduce intermediate points between 7 and 8 
of the profile, in order to obtain this curve in the pattern. In this 
instance the point marked 4 has been added. 

Now, at right angles to DE, and through the figures, draw lines, 
which intersect with those of similar numbers, drawn parallel to AB 

from intersections 6* to 9* 



0^ 



i 
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on the curve AC. A line 
traced through the points 
thus obtained, as FKJH, 
will be the half-pattern 
for louver No. 4. The 
pattern for the face of 
the dormer is pricked 
onto the metal direct 
from the front view in 



.yyyy/xyyy|VJry/./yy^.yyyyyx^/yxX^x^^^ Fig. 333, iu wMch A 8 
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B C is the half-pattern. 
In laying out the 
patterns for bay window 
work, it often happens 
that each side of the window has an unequal projection, as is shown 
in Fig. 335, in which DEF sliows an elevation of an octagonal base of 
a hay window having unequal projections. All that part of the bay 
above the line AB is obtained by the method shown in Fig. 290, while 
the finish of the bay shown by ABC in Fig. 335 will be treated here. 
In some cases the lower ball C is a half-spun ball. A* B* F^ is a true 
section through A B. It will be noticed that the lines Ca, Cc, and Crf, 
drawn respectively at right angles to a6, 6c, and cd, are each of different 
lengths, thereby making it necessar}' to obtain a true profile on each 
of these lines, before the patterns can be obtained. This is clearly 
explained in cxDnnection with Fig. 336, in which only a half-elevation 
and plan are required as both sides are symmetrical. First draw the 
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center line AB, on which draw the half-elevation of the base of the 
bay, as shown by CDE. At right angles to AB draw the wall line 
in plan, as FK; and in its proper position in relation to the line CD in 
elevation, draw the desired half-plan, as shown by GHIJ. From the 
comers H and I draw the miter-lines HF and IF, as shown. As DE 
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Fig. 336. 

represents the given profile through FG in plan, then divide the profile 
DE into an equal number of spaces as shown by the figures 1 to 13. 
From these points drop vertical lines intersecting the miter-line FH 
in plan, as shown. From these intersections, parallel to HI, draw 
lines intersecting the miter-lines IF, from which points, parallel to IJ, 
draw lines intersecting the center line FB. Through the various 
points of intersection in DE, draw horizontal lines indefinitely right 
and left as shown. 
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If for any reason it is desired to show the elevation of the miter- 
line FI in plan (it not being necessary in the development of the pat- 
tern), then erect vertical lines from the various intersections on FI, 
intersecting similar lines in elevation. To avoid a confusion in tiie 
drawing, these lines have not been shown. Trace a line through 
points thus obtained, as shown by D^ 13, whidi is the desired miter- 
line in elevation. 

The next step is to obtain the true profile at right angles to HI 
and IJ in plan. To obtain the true profile through No. 3 in plan, take 
a tracing of J F, with the various intersections thereon, and place it on 
a line drawn parallel to CD in elevation, as J^ P, with the intersections 
1 to 13, as shown. From these intersections, at right angles to J^ P, 
erect lines intersecting similar lines drawn through the profile DE in 
elevation. Trace a line through the points thus obtained, as shown 
by 1' to 13^ whidi rq>resents tiie true profile for part 3 in plan. At 
right angles to IH in plan, draw any line, as ML, and extend the vi^ 
rious lines drawn paralld to IH until th^ intersect LM at points 1 to 
13, as shown. 

Take a tracing of LM, with the various points of intersection, 
and place it on any horizontal line, as L^ M^ as shown by the figures 
1 to 13, from which, at right angles to L* M^ erect vertical lines inter- 
secting similarly numbered horizontal lines drawn through the profile 
DE. Trace a line tlirough the points thus obtained. Then will 
1"— 13" be the true profile through No. 2 in plan at right angles to HI. 

For the pattern for No. 1 in plan, extend the line FK, as NO, upon 
which place the stretchout of the profile DE as shown by the figures 
1 to 13 on NO. At right angles to NO, and from the figures, draw 
lines, which intersect with lines (partly shown) drawn parallel to FG 
from similar intersections on the miter-line FH. Trace a line through 
the points thus obtained; then will IP 13 be the pattern for part 1 
in plan. 

At right angles to H I, draw any line, as T U, upon which place 
die stretchout of profile No. 2, being careful to measure each space 
separately, as they are all unecjual, as shown by the small figures V to 
13" on TU. Through these figures, at right angles to TU, draw lines 
as shown, which intersect by lines (not shown in tlie drawing) drawn 
at right angles to I H from similar jx)ints on the miter-lines HF and FI. 
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Trace a line through the points thus obtained. Then will V W X be 
the pattern for part 2 in plan. 

For the half-pattem for part 3 in plan, extend the center Une A B 
in plan as B R, upon which place the stretchout of the true profile for 
3, being careful to measure each space separately, as shown by the 
figures r to 13' on BR. At right angles to B R draw lines through 
the figures, which intersect by lines drawn at right angles to J I from 
similar points of intersection on the miter-line F I. A line traced 
through points thus obtained, as 1' S 13', will be the half-pattern 
for part 3. 

DEVELOPMENT OF BLANKS FOR CURVED MOULDINGS 

Our first attention will be given to the methods of construction, 
it b«ng necessary that we know the methods of construction before 
the blank can be laid out. For example, in Fig. 337 is a part elevation 
of a dormer window, with a semicircular top whose profile has an ogee, 
fillet, and cove. If this job were undertaken by a firm who had no 
circular moulding machine, as is the case in many of the smaller shops, 
the mould would have to be made by hand. The method of construc- 
tion in this case would then be as shown in Fig. 3 
which shows an enlarged section through ab in 1 
337. Thus the strips a, b, and c in Fig. 338 would be 
cut to the required ^ze, and would be nothing more 
than straight strips of metal, while d d' would be an '^ 
angle, the lower side d' being notched with the shears 
and turned to the required drcle. The face strips e, 
f, and h would represent arcs of drcles to correspond 
to that various diameters obt^ned from the full-sized 
elevation. These face and sink strips would all be *' 
soldered together, and form a succession of square angles, as shown, in 
which the ogee, as shown by i j, and the cove, as shown by m, would be 
fitted. In obtaining the patterns for the blanks hammered by hand, 
the averaged lines would be drawn as shown hy kl for the ogee and 
n o for the cove. TTie method or principles of averaging these and 
other moulds will be explained as we proceed. 

In P^. 339 is shown the same mould as in the previous figure, 
a different method of construction being employed from the one made 
by hand and the one hammered up by machine. In machine work this 
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mould can be hammered in one piece, 8 feet \oog or of the length of tba 
sheets in use, if sudi length is required, the madiine taking in die fuU 





Fig. 338. Fig. 339. 

mould from A to B. Hie pattern for work of this kind is averaged 
by drawing a line as shown by CD. This method will also be ex- 
plained more fully as we proceed. 

SHOP TOOLS EMPLOYED 

When working any circular mould by hand, all that is required 
in the way of tools is various-sized raising and stretching hammers, 
square stake, blow-horn stake, and mandrel including raising blocks 
made of wood or lead. A first-rate knowledge must be employed 
by the mechanic in the handling and working of these small tools. In 
a thoroughly ufy-to-date shop will be found what are known as *'cur\'ed 
moulding'' machines, which can be operated by foot or power, and 
which have the advantage over hand operation of saving time and 
labor, and also turning out first-class work, as all seams are avoided. 

PRINCIPLES EMPLOYED FOR OBTAININQ APPROXIMATE 
BLANKS FOR CURVED MOULDINGS HAMMERED BY HAND 

The governing principles underlying all such operations are the 
same tus even* sheet-metal worker uses in the laying out of the simple 
patterns in flaring ware. In other words, one who understands how to 
lay out the pattern for a fnistum of a cone understands the principles 
of developing the blanks for curved mouldings. The principles will 
be described in detail in what follows. 

Our first prol)leni is that of obtaining a blank for a plain flare, 
shown in Fig. 340. First draw the center line A B, and constnict the 
half-elevation of the mould, as C D E F. Extend D E until it inter- 
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sects the center line A B at G. At right angles to A B from any point, 
as H, draw H 1 equal to C D, as shown. -Using H as center, and with 
H 1 as radius, describe the quarter-circle 1 7, which is a section on 
C D. Divide 1 7 into equal spaces, as shown. Now using G as center, 
with radii equal to G E and G D, describe the arcs D 7' and E E". 
From any point, as 1', draw the radial line 1' G, intersecting the inner 
arc at E'. Take a stretchout of the quarter-section ; place it as shown 




Fig. 340. F[g. 341. 

from r to 7'; and draw a line from?' to G, intersecting the inner arc 
at E°. 'llien will E* I' 7' E° lie the quarter-pattern for the flare D E 
in elevation. If the pattern is required in two halves, join two pieces; 
if required in one piece, join four pieces. 

In Fig. 341 is shown a curved nioulil whose profile contains a cove. 
To work this profile, the blank must he stretched with the stretching 
hammer. IIV mention thin here so that the student will pay attention 
to the rule for c^taiiting patterns for stretched moulds. First draw the 
center line A B; al.so the half-elevation of the moulding, as C D E F. 
Divide the cove E D into an equal number of spaces, as shown from 
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a toe. Through the center of the cove c draw a line parallel io e a, 
extending it until it meets the center line A B at G, which is the center 
point from which to strike the pattern. Take the stretchout of the 
cove c e and c a, and place it as shown by c e' and c a'. When stretdi- 
ing the flare a' e', c remains stationary, e' and a' being hammered to- 
wards e and a respectively. Therefore, from c erect a vertical line 
intersecting H 1, drawn at right angles to A B, at 1. Using H as center 
and H 1 as radius, describe the arc 1 7, which divide into equal 
spaces as shown. W^th G as center, 
and radii equal to G a', Gc, and G e', 
describe the arcs c" e", V 7', and a' 
a". Draw a line from ff* to G, inter- 
secting the center and lower arcs at 
1' and a". Starting from 1', lay off 
the .stretchout of the quarter-section as 
shown from 1' to 7'. Through 7' draw 
a line towards G, intersecting the in- 
ner arc at a*; and, extending the line 
upward, intersect the outer arc at e". 
Then will a' e" ^ a' be the quarter- 
pattern for the cove E D in elevation. 
If the quarter-round N O were re- 
quire<l in place of the cove E D, then, 
us this (]iiarter-roiiml would require to 
he raised, the rule given in the former 
'"' ' " Instruction Paper on Sheet Metal 

Work would be applie<l to all ca.ses of raised mouldings. 

Ill V\g. 1542 is shown a curved moulil whose profile is an ogee. In 
this case as in the prece^ling, draw the center line and half-elevation, 
and divide the ogee into a number of e<iual parts, as shown from a to h. 
Tlmnigh the flaring portion of the "gee, as c e, draw a line, extending 
it npward an<! downwanl until it intersects the center line A B at G. 
Take the stretchouts fnini a to r and from r to h and place them re- 
.spwtively from r to n' jiiid fnim r to h' nn the line A' G. Tlien, in work- 
ing the ogee, that portion of the flare from c to c remains stationarj'; 
the jmrt fn>m c to /('will be stretched to form c A; while that part shown 
from r to a' will be raised to fonn c a. Fnnn any point in die slation- 
an- flare, as d, erect ii line meeting the line 11 1, drawn at right 
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angles to A B, at 1. Using H as center and H 1 as radius, describe 
the quarter-section, and divide same into equal spaces, as shown. 
With G as center and with radii equal to G a', G d, and G h! , describe 
the arcs a" a", V T, and k" k". From A* draw a line to G. 
Starting at 1', lay off the stretchotit of the section as shown from 1' to 
7'. Through 7' draw a 
line to G, as before de- 
scribed. Then will h" a" 
a" h' be the quarter-pat- 
tern for the ogee E D. 

In Fig, 343 is shown 
how the blanks are de- 
veloped when a bead 
moulding is employed. 
As before, first draw the 
center line A' B' and the 
half-elevation A B C D. 
As the bead takes up \ 
of a circle, as shown by 
ac e j, and as the pat- 
tern for / e will be the 
same as for e c, then will 
the pattern for c e only 
l>e shown, which can also 
be used for e f. Bisect 
a c and c e, obtaining 
the points b and d, 
which represent the 
stationary points in the 
patterns. Take the 
stretchouts of 6 to a and 
b to c, and place them ^^- ^*^- 

as shown from b to a' and from 6 to c'; also take the stretchouts 
of rf to c and d to e, and place them from d Ut c" and from d to e' on 
lines drawn parallel respectively to a c and ce from points b and 
d. Extend the lines e' c' and c' a' until they intersect the center 
line A' B' at E and F respectively. From the points 6 and d 
erect lines intersecting the line G 1, drawn at right angles to A' 
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B', at 14 and 1 respectively. Using G as center, and with radii 
equal to G 14 and G 1, describe quarter-sections, as shown. Divide 
lK)tli into equal parts, as shown from 1 to 7, and from 8 to 14. Witli 
E as center, and with radii equal to E c', E d, and E e', describe the 
arcs c" c", d' d\ and e" e". From any point on one end, as e\ 
draw a radial line to E, intersecting the inner arcs at d! and c\ Now 
take the stretchout of the section from 1 to 7, and, starting at cf , lay 
off the stretchout as shown from 1' to 7'. Through 7' draw a line 
towards E, intersecting the inner arc at c" and the outer one at e\ 
Then will c" e e" c" be the quarter-pattern for that part of the 

bead shown by c e, also for 

e /, in elevation. For the 

pattern for that part shown 

by a c, use F* as center; and 

with radii equal to F a', F 6, 
Fig. 344. and F c\ describe the arcs 
a" a", 6' 6', and c" c". From any point 
on the arc 6' 6', as 8', lay off the stretch- 
out of the quarter-section 8 14, as 
shown from 8' to 14'. Through these 
two points draw lines towards F^ in- 
tersecting the inner arcs at a" (f"; and 
extend them until they intersect the 
outer arc at c" and c". Then will 
c" a" a" c" be the desired pattern. 

In Fig. 344 is shown an illustra- 
tion of a round finial which contains 
moulds, the principles of which have already been described in 
the preceding problems. The ball A is made of either horizontal 
or vertical sections. In V\^. 345 is shown how the moulds in a finial 
of this kind are averaired. The method of obtaining the true length 
of each pattern piece will be omitte<l, as this was thoroughly covere<l 
in the preceding problems. First draw the center line A B, on either 
side of which draw the section of the finial, a.s shown bv C D E. The 
blanks for the ball a will he obtained as explained in the Instniction 
Paper on Sheet Metal Work. The mould h is averaged as showTi bv 
the line r /, extendin^r same until it intersects the center line at h,c f 
representmg the stretchout of the mould obtained, as explained in the 




Fig. 345. 



286 



SHEET METAL WORK 



255 



paper on Sheet Metal Work. Using h as center, with h f and h e as 
radii, describe the blank 6°. 

In the next mould, c c\ a seam is located in same as shown by 
the dotted line. Then average C by the line i ;, extending same until 
it meets the center line at k; also average c' by the line / m, extending 
this also until the center line is intersected at n. Then i j and I m 
represent respectively the stretchouts of the mould c c', the blanks c° 
and c^ being struck respectively from the centers k and n. The mould 
6' b^ also has a seam, as shown by the dotted line, the moulds being 
averaged by the lines p o and s t, which, if extended, intersect the 
center line at r and u. These points are the centers, respectively, for 
striking the blanks b^ and 6^. The flaring piece d is struck from the 

A B 





Fig. 346. 

center x, with radii equal to xw and x v, thus obtaining the blank d°. 

By referring to the various rules given in previous problems, the 
true length of the blanks can be obtained. 

The principles used for blanks hammered by hand can be applied 
to almost any form that will arise, as, for example, in the case shown 
in Fig. 346, in which A and B represent circular leader heads; or in 
that shown in Fig. 347, in which A and B show two styles of balusters, 
a and b (In both) representing the square tops and bases. Another 
example is that of a round finial, as in Fig. 348, A showing the hood 
which slips over the apex of the roof. While these forms can be 
bought, yet in some cases where a special design is brought out by the 
architect, it is necessarj' that they be made by hand, especially when 
but one is required. 

The last pmblem on handwork is shown in Fig. 349 — that of 
obtaining the blanks for the bottom of a circular bay. The curved 
moulding A will be hammered by hand or by machine, as will be ex- 
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plained later on, while the bottom B is the problem before us. The 
plan, it will be seen, is the arc of a circle; and, to obtain the various 
blanks, proceed as shown in Fig. 350, in which A B C is the elevation 
of the bottom of the bay, I J K being a plan view on A C, showing the 





Fig. 347. 

curve struck from the center H. In this case the 
front view of the bottom of the bay is given, and 
must have the shape indicated by A B C taken on the 
line IJ in plan. It therefore becomes necessary to 
establish a true section on the center line S K in 
plan, from which to obtain the radii for the blanks or 





Fig. 349. Fig. 348. 

patterns. To obtain this true section, divide the curve A B into any 
number of ec|ual parts, as shown from 1 to 6. From the points of 
division, at right angles to AC, drop lines as shown, intersecting the 
wall line I J at points V to (V. Then, using H as center, and reuiu 
equal to H 0', II o', II 4', M 3', and II 2', draw arcs crossing the 
center line D E shown from 1" to 6". At any convenient point 
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opposite the front elevation draw any vertical line, as T U. Extend 
the lines from the spaces in the profile A B until they intersect 
the vertical line T U as shown. Now, measuring in every instance 
from the point S in plan, take the various distances to the num- 
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bered points in plan and place them upon lines of 

similar numbers, measuring in every instance from 

the line T U in section. Thus take tlie distance 

S K in plan, and place it as shown from the line 

T U to K* ; then again, take the distance from S to 2^^ 

in plan, and place it as shown from the line T U to 2^^ on 

line 2 in section. Proceed in this manner until all the points 

in the true section have been obtained. Trace a line as 

shown, when V to G'' to Y will be the true section on the 

line S K in plan. 

It should be understood that the usual method for 
making the bottom of bays round in plan is to divide the profile of 
the moulding into such parts as can be best raised or stretched. As- 
suming that this has been done, take the distance from V in plan to 
the center point H, and place it as shown from I'' to L in section. 
From the point L, draw a vertical line L M, as shown. For the pat- 
tern for the mould V 2*', average a line through the extreme points, 
as shown, and extend the same until it meets L M at N. Then, 
with N as center, and with radii equal to N 2^ and N F, describe 
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the blank shown. The length of this blank is obtained by measur- 
ing on the arc 1' V in plan, and placing this stretchout on the arc I'' 
of the blank. The other blanks are obtained in precisely the same 
manner. Thus P is the center for the blank 2^ 3"; R, for the blank 
S'' 4"; O, for the blank V 5^ and M, for the blank 5^ 6\ 

The moulds V 2\ 2" S'', and S'' 4" will be raised; while 
the blanks 4^^ 5" and 5^^ 6" will be stretched. 

APPROXIMATE BLANKS FOR CURVED MOULDINQS 

HAMMERED BY MACHINE 

The principles employed in averaging the profile for a moulding 
to be rolled or hammered by machine do not differ to any material 
extent from those used in the case of mouldings hammered by hand. 

Fig. 351 shows the general method of aver- 
aging the profile of a moulding in determin- 
ing the radius of the blank or pattern. It 
will be seen that A B is drawn in such a 
manner, so to speak, as to average the in- 
equalities of the profile D C required to be 
made. Thus distances a and b are equal, as 
are the distances c and rf, and e and /. It is 
^c very diflBcult to indicate definite rules to be 
B observed in drawing a line of this kind, or, 
in other words, in averaging the profile. 
Nothing short of actual experience and intimate knowledge of the 
material in which the moulding is to he made, will enable the operator 




Fig. 351. 




SECTION 



to decide correctly in all cases. There is, however^ no danger of 
making verv^ grave errors in this respect, because the capacity of 
the machines in use is such, that, were the ])attern less advanta- 
geously planned in this particular than it should he, still, by passing 
it through the dies or rolls an extra time or two, it would be brought 
to the reciuired shape. 
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In Fig. 352 is shown a part elevation of a circular moulding as it 
would occur in a segmental pediment, window cap, or other structure 
arising in sheet-metal cornice work. B shows the curved moulding, 
joining two horizontal pieces A and C, the true section of all the moulds 
being shown by D. 

In this connection it may be proper to remark that in practice, 
no miters are cut on the circular blanks, the miter-cuts being placed on 
the horizontal pieces, and the circular moulding trimmed after it has 
been formed up. 

In Fig. 353 is shown the method of obtaining the blanks for 
mouldings curved in elevation, no matter what their radius or profile 
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Fig. 353. 

may be. First draw the center line A B, and, with the desired center, 
as B, describe the outer curve A. At right angles to A B, in its proper 
position, draw a section of the profile as shown by C D. From tlie 
various members in this section, project lines to the center line A B, 
as 1, 2, 3, and 4; and, using B as center, describe the various arcs and 
complete the elevation as shown by A B C in Fig. 352, only partly 
shown in Fig. 353. In the manner before described, average the 
profile C D by the line c d, extending it until it intersects the line drawn 
through the center B at right angles to A B, at E. Then E is the center 
from which to strike the pattern. Centrally on the section C D, estab- 
lish e on the line c rf, where it intersects the mould, and take the 
stretchout from ^ to C and from e to D, and place it as shown respec- 
tivelv from e to c and from e to d on the line c d. Now, using E as 
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center, with radii equal to E d, E e, and E c, describe the arcs d' d"^ 
e' €^y and c' c". Draw a line from c' to E, intersecting the middle and 
inner arc at e' and d'. The arc e* ef then becomes the measuring line 

to obtain the length of the pattern, the length 
being measured on the arc 2 in elevation, 
which corresponds to the point e in section. 

In Fig. 354 is shown the elevation of a 
moulding A curved in plan B, the arc being 
struck from the given point a. This is apt to 
occur when the moulding or cornice is placed 
on a building whose comer is round. To ob- 
tain the pattern when the moulding is curved 
in plan, proceed as shown in Fig. 355. Draw 
the section of the moulding, as A B, A C be- 
ing the mould for which the pattern is desired. 
C B represents a straight strip which is at- 
tached to the mould after it is hammered or rolled to shape. In 
practice the elevation is not required. At pleasure, below the sec- 
tion, draw the horizontal line E D. From the extreme or outside 
edge of the mould, as 6, 
drop a line intersecting the 
horizontal line ED at E. 
Knowing the radius of the 
arc on b in section, ])hice it 
on tlie line E D, thus ob- 
taining the point D. With 
I) a.s center, describe the 
arc E F, intersecting a line 
drawn at right angle to E 
D from D. Average a line 
through the section, as (t 
II, intersecting the line D F, 
drawn vertical from the cen- 
ter D, at J. Establish at 
pleasure the stationary 
point a, from which drop a line cutting E I) at a'. Using D as 
center, and with D a' as radius, describe the arc a' a", which is the 
nieiisuring line when laying out the pattern. Now take the stretcli- 
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outs from a U) b and from a to c, and place them on the averaged 
line from a to G and from a to H respectively. Using .1 as center, 
with radii extending to the various points G, a, and H, describe th' 
arcs G G'. a a'" and H H' On 
the arc a a the pattern is 
measured to correspond to the 
arc a a" in plan 

In Fig 356 Is shown a front 
view of an ornamental bull s-eye 
window showing the circular 
mould A B r D which in this 
case we desire to ld> out in one 
piece so that when hammered 
or rolled m the machine it ivill 
have the desired diameter I lie 
same pnnciples tan be appln I 
to the upper mould E F as w ert 
used in connection with Figs 
352 and 353 ^ ' 

To obtain the blank for the bull s-eye window shuwuin tig. 3oe 
proceed as shown in Fig. 357. Let A B C D represent the elevatio 
of the bull's-eye struck from the center E. Through E draw the hor 
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the center line B D at J. Where the average line intersects llie mould 
at a, establish this as a stationary point; and take the stretdumts from 
a to I and from atoH, andlay them off on thelineBPPfrom atoP 

and a to H^ vespectivdy. As 1 
5 in elevation repieseots the 
quarter-drde on the point a 
in section, divide this quarter- 
drde into equal spaces, as 
shown. Now, with radii equal 
to JIS J a, and Jff, and with 
{ in Ilg. 358 as center, de- 
scribe the arcs H H, a o» and 
1 1. From any point, as H, 
on one dde, draw a line to J, 
intersecting the middle and in- 
ner arcs at a and I. Take the stretchout of the quarterdrde from 
1 to 5 in devation in Fig. 357, and place it on the arc a a as shown 
from 1 to 5. Step this off four times, as shown by 5', 5^, and 6''^ 
From J draw a line through 5'", intersecting the inner and outer aics 
at I and H. Then will H a a H be the full pattern. 




Fig. 358. 
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The subject of plastering in relation to modem dwellings is 
necessarily divided into two sections. The first treats of the plaster- 
ing of walls on the interior of the house; the second will briefly de- 
scribe some of the various ways of finishing in cement plaster the 
house exterior. 

INTERIOR PLASTERING 

" The installation of interior plastering marks the division between 
the completion of the rough work on the residence, and the very 
beginning of the placing of the finish that is to follow. 

The plastering cannot be started until the walls and ceilings 
have been lathed, and the ceilings must be furred before even the 
lathing can be begun. When the building is ready for lathing, all 
of the rough studding, framework, and partitions must be set in 
place; and the piping and wiring necessary in the plumbing, heating, 
lighting, etc., of the dwelling, must be installed and tested before the 
lathing or furring can be started. 

The apparent break in the progress of building necessary to lath, 
plaster, and dry out a house, need not be altogether time lost for any 
of the various trades. Those unable to resume work until this inter- 
mediary process has been completed, can be securing their necessary 
materials and fixtures and arranging them ready for installation. 
The carpenter can be getting out his mill work and finish, be ready 
to put in his window-sash, set his standing finish in place around 
doors and windows, lay the upper floors, etc., and complete the 
remainder of his contract. The painter and paperer then commence 
their work; the electricians, plumbers, and heating contractors install 
their service fixtures, and the dwelling is soon ready for occupation. 

The studs of a building are spaced sixteen inches apart on cei)ters, 
so that each lath receives four nailings. Each end of the lath rests 
upon the center of a stud; and the two intermediate studs provide 
fastenings at spaces equally distant in its length. The ceilings are 
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customarily furred to provide lath nailings, four — ^and in better work, 
five — nailings to the lath, with furrings seven-eighths of an inch thick 
and one and one-(juarter inches or more wide, running crosswise of the 
floor joists, niis furring is intended to level up the bottom of the 
joists, and distributes the unequal result of their skrinkage or uneven 
settlement from the weight al)ove, thus preventing plaster cracks. 
Before beginning lathing, the carpenter should see that each 
partition, at its intersection with another wall, is started with a stud 
nailed directly against the crossing studding. This makes it impos- 
sible for the lather to run the ends of his laths in behind or over the 
partitions — a careless practice that provides a very unstable internal 
plaster angle. The carpenter also sets plaster furrings, three-quarters 
of an inch thick, around all window and door openings and around the 
walls at the height of the top of his base skirting, so as to mark the 
points where the work of both plasterer and lather end, and to provide 
nailings for the finish woodwork. It is essential for the carpenter to 
place any necessary furring for cornices, door-caps, etc., before the 
lathing is begun; also any other furring blocks that may be required 
by the plumber to secure the setting of his fixtures or to support and 
carry his pipes. 

LATHING 

Wood Laths. Wood laths are put up in bundles of 100 laths; 
and are naikni upon the studdings of the wooden frame, with a space 
of one-(}uarter inch between them. This distance is sufficient to 
allow for lath shrinkage or swelling, and still provide a firm clinch 
for the plastering. If the space is much less than this, the plaster 
clinch will l)e weakened. If much more, the laths may possibly sag 
down on the ceilings with the extra \veight of plaster. In no instance 
should these spaces l)etween laths exceed a width of three-eighths of 
an inch. 

The clinch, or Av/y, of the plaster is formed by the mortar being 
pressed thn)ngh the spaces l)etween the laths and then spn^ading out 
back of the laths upon both sides of the crack, so forming a tie, or 
clinch, that holds the mortar firmly and securely in place. 

It occasionally l)econies necessary to lath on yery thin furrinffs 
to coyer oyer a heating pi])e, a l)rick or iron support, or some other 
such exceptional instance of construction. In that case a wider space 
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between the laths may strengthen the plaster clinch; or, better still, 
a strip of expanded metal may be usc*d over or around such obstruc- 
tions. 

The best wooden laths are made of pine or spruce, and are only 
partially seasoned. They should be free from sap, bark, and dead 
knots. Both bark and knots are likely to loosen from the surround- 
ing wood and so destroy the hold of the plaster; while the face of the 
plaster is occasionally stained from pitchy knotholes, bark, or sap. 
All laths are now machine-sawn. The old-fashioned split lath has 
not been in the market for now more than fifty years. 

If the laths are too dry, the wet mortar is likely to cause them to 
warp and twist; and if it hardens or sets before the laths become 
saturated, their swelling is likely to produce parallel plaster cracks. 
Better results can be obtained by using wet laths, when both mortar 
and laths dry out together. 

In specifying the nailing of wood laths, it is sometimes thought to 
ensure better work if two nailings are required at each end of the lath, 
either upon the ceiling alone or upon both wall and ceiling. It is more 
than doubtful if this requirement produces the desired result, as two 
nails in the lath end are likely to start a split, which may be increased 
by the pressure necessary in applying the mortar, until the entire end 
of the lath is partially or wholly loosened from its support before the 
plastering is all upon the wall. Large lath nails, instead of making 
the work more secure, weaken it in the same way. The common- 
sized inch-and-one-eighth long — "three-penny fine" — ^nails fasten the 
laths securely, even the ceiling nails rarely pulling out. About five 
pounds of nails will Ixj necessary to each one thousand laths. 

The joints of laths are ordinarily broken every eight courses. 
This means that not more than eight adjoining lath ends are nailed 
upon one stud or furring, the next eight laths, in both directions, being 
carried by, ending upon the next wall stud or ceiling furring to either 
right or left, thus alternating the break and obviating the possibility 
of an extended crack occurring at the line of lath jointure. Some 
lathers find a small handful of these laths more convenient to handle 
than a larger bundle, in which case it is simpler and easier for them 
to break joints every sLx laths — ^which is equally good construction. 
Occasionally studding is placed twelve inches apart, and the lath 
joints broken for every other lath. Such precautions, however, are 
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not necessary in the ordinary dwelling. They increase expense; and 
the closer spacing of the studs, especially, provides more undesirable 
weight to he carried by the house frame. 

Wherever the wood studding of partitions comes up against the 
brickwork of chimneys or a terra-cotta or brick wall, strips of expanded 
metal or wire-mesh lath should be employed, extending seven or eight 
inches over upon either side of such a joint; and, if such a joint occurs 
in an internal angle, future cracking from a difference in settlement or 
shrinkage may be prevented by cutting through each plaster coat, 
when soft, with a sharp trowel. 

Metal Lath. Of late years many varieties of metal lath have been 
placed upon the market. The use of such lath is generally required 
on boiler-room ceilings, and in other places exposed to strong artificial 
heat. Many varieties of metal lath — including all those made of wire 
— require supports at closer intervals than is provided by the studding, 
nine inches being generally considered the best distance. This necessi- 
tates either a closer spacing of studs than is otherwise necessary or 
desirable, or a series of furrings fastened to the wall studding. 

There are some metal laths — ^generally those made on the expanded 
principle — that are sufficiently stiff, in one direction, to allow of a spac- 
ing of supports greater than nine inches; but, for ordinary wire cloth, 
no wider distance should ever be allowed, unless the cloth is itself 
artificially stiffened. All metal lath should be securely ftistened bv 
staples, and stretched before nailintj^, to increase its stiffness as much 
as possible. 

In usin<( metal lath, ean^ should be taken to prevent plaster cracks 
along the line of jointure. The use of metal lath also recjuires three 
coats of plaster, in order to stiffen the lath sufficiently to resist the 
pressure re(|uire(l to finish the last coat. 

Lathin<; and plasterin<; are generally estimated, and the various 
materials are all fit^ured, by the scjuare yard. In small work, no open- 
ings are dcMlueted unless they exceed sixty square feet in area. In 
fi<;urin<j^ up plast(T by (juantity, when openings are allowed for, it is 
sometimes eustoinarv to add half of the contents when measuring 
closets; while small trianguhir wall pieces an^ fifj^ured as though square, 
in order to niak(* np for the extra amount of labor required in plavSter- 
ing such restriet(Ml or odd-sized surfaces. 

The use of expanded metal or wire lath is frequently demanded 
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by the building laws of some cities, and is always required on a fire- 
proof or first-class building. 

Several makes of plaster board are in the market and being 
extensively advertised. They come in eight inch wide boards or 
large sheets of 32 by 36 inches, and are nailed directly upon the wall 
framing. One coat of plaster — in three-coat work — may then be 
dispensed with. These boards save time, being rapidly set in place 
even by unskilled carpenters, and the plaster itself drys out much more 
rapidly. They are, however, frequently the cause of cracks that 
appear in the finished plaster where the edges of the boards come 
together — sometimes even after the wall has been papered. 

PLASTER MATERIALS 

Plaster is principally composed of lime, sand, hair, and water. 

Lime is obtained in different sections of the country from calcined 
limestone, the carbonic acid and moisture contained in the stone 
being driven off by the burning process. The whole theory of plaster- 
ing is based upon the reduction of limestone to lime, and its chemical 
recombination, when distributed upon the walls of a house, into 
something approaching its original state. The slaking of the lime 
provides the moisture necessary for the process of crystallization that 
produces the set of the mortar; while the sole purpose of applying it 
upon the wall in several coats is to present that much more surface 
to absorb the carbonic acid — of which it was originally deprived in 
burning — from the air. The thinner the coats and the larger their 
total exposed surface, the greater the absorption of this strengthening 
constituent. For this reason — and solely for this reason — is three- 
coat plaster work to be considered as better than two. 

Properly burnt lime slakes easily and completely, when water is 
added, until it is converted into a fine dust, which, in its turn, is 
moistened and turned into a paste under action of the water, which 
bubbles and hisses with the heat generated by the process. This is 
what is called the slaking of lime. Very rich and pure lime — the best 
for plastering — increases to about twice its original bulk by being 
slaked, and is then almost pure white in color. Lime should always be 
as fresh as possible, and must be delivered in tightly sealed barrels. 
Care should also be taken to ascertain that it has been burned with 
wood and not with coal. 
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Sand ia broken or rotten rock which has become decomposed 
spontaneously or by the action of running water. That made by 
running water, or fn>m slonrs woni small by rolling over and over 
upon the Ix'atth, is com|>osed of particles so iii-arly round in contour 
and so taddng in angularitiea of surface that tlwy are not good 
matem) for mbdng in any mortar where atrmgik is a zeqtdstte or 
necessity. The particles of rottea rock deconqmaed by esqasate 
are better adapted to make good sand for mixing with mnrtar, Uieir 
shape being more irregular, with many sharp and imgnhw ccasea. 
Sand obtained from ledge stones contains the esamtia] dements of 
those stones, quartz, feldspar, and mica bdng present in gisiute 
formations, and lava, obudian, etc., in volcanic sand. The aaod 
coming from the softer stones is generally more thorou^^ily lUnnle- 
grated, being frequently so rotten as to be entirely unsuitable for ose 
in plastering. In most parts of the comitiy the principal supi^yof sand 
now comes from die beds 6t ancient lakes or rnreis, and is called pA 
«aiid. TVue sand, no matter bow fine, may always be distinguished 
from dust by dropping it into a glass of wat^, as it will invaiiaUy ank 
to the bottom without leaving any ^ipiedable dirt upon the auif^oe. 

For plastering purposes, sharply angular sand b not absolutely 
essential. Good river sand, the coarser the better, is obtained so easily, 
and is so clean and free from dirt, clay, and earth stains, that it is most 
generally employed for plaster. 

The third necessary constituent b hair. The best hair upon the 
market is cattle hair obtained from the tanneries. The hair should be 
of good length; and, if too lumpy or clotted, it should be separated by 
soaking in water the day before mbting it with the mortar, as this 
method of separating the hair is less dusty and more healthful than 
beating or whipping it dry to obtain the same result. 

Occasionally brick dust is added to the mortar for coloring, when 
it is likely that the mortar will set more rapidly — especially if the dust 
b mixed in shortly before using and is dry at the time of mixing. All 
brick dust should be sifted through a fine sieve. Besides brick dust, a 
variety of colorings for mortar are used — such as lampblack, ivoiy 
black, powdered charcoal, Spanish brown, raw umber, burnt umber, 
red aniline, Venetian red, Indian red, vermilion, ultramarine blue, 
indigo blue, chrome yellow, and, occasionally, pulverized clay. 
Mineral colors should be preferred to earth colorings. The latter 
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weaken the plaster, and fade rapidly. Variously colored sands 
— when thev can be obtained — make the best and most durable ma- 
terials possible for tinting the final plaster coat. 

It is impossible to state arbitrary, set, hard-and-fast proportions 
for the mixing of plastering for either exterior or interior work. The 
different makes of lime and grades of sand, alone, vary suflSciently 
to make any such statements exceedingly inadvisable; while the pur- 
pose and conditions under which the plaster is to be used, frequently 
occasion considerable changes in its proportions. 

"Working" the Lime. The first process in the making of plaster 
is the slaking of the lime. This consists, as already said, in simply 
reducing the hard, brittle lumps of its original form to a smooth paste 
by mixing it with water. It is of the utmost importance that the 
lime should be entirely and completely slaked, and the paste smoothly 
and evenly worked, before adding any of the other ingredients. 

The lime is slaked in a moriar-bed, a box of boards about 4 feet 
wide and 7 feet long, and a foot to eighteen inches high, set in some 
convenient location with its bottom about level with the top of a second 
box placed at one end, and about two feet lower in grade. Both 
mortar and lime-slaking be<ls should have tight bottoms and strong 
sides, well braced to resist the pressure that will come upon them 
when they are full. A cjuantity of sand already screened should 
also be near at hand. Poorly screenetl sand later causes extra trouble 
and work. Gravel in the mortar delays workmen while plastering 
and floating, and much good plaster material will be lost in hurriedly 
throwing or picking out theses gravel stones in the rush of applying the 
mortar on the wall. 

The barrel lime is emptied into the upper box, and water is 
poured on while a workman bn^aks up the lumps and works the mass 
back and forth in various directions with a hoe. The thorough work- 
ing of the material at this stage is necessary to ensure its complete slak- 
ing. The tendency of the careless workman is to hoe back and forth 
in the center of the bed without any reganl as to whether he is stirring 
up the mortar that is down on the lK)ttom lK)ards,or whether the comers 
are drawn into the mixture and worked as evenly as the remainder of 
the box. If th(» {Kiste is not thonnighly and evenly worked to an equal 
consistency throughout, if the water is not conducted to every particle 
of lime, or if the other ingredients are mixed in l^efore the paste is 
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evenly prepared , the lime wQl be apt to btider and slake out uneveofy, 
causing trouble after it is upon the wall. If the comera, for instance, 
are imperfectly mixed, lumps of dear lime will afterward Bffpmr. 
Many of these lumps will pass unnoticed under the hoe of the woik- 
mah tempering the mortar, and will not be found until they are flat- 
tened out under the wall trowel of the plasterer. 

If too much water is used in slaking the lime — especially if a too 
great amount is added at once — the pile is ehtUed and forms into lumps 
that slake too tardily. If too little water is added, the lime is left so 
dry (6iirfw,as the plasterers call it) that many spaall particles entirely 
fail to slake throu^ lack of suflfeient moisture. When too mu<^ 
water drowns the lime m the first place, it becomes so-thorouj^y 
dulled that a considerable portion of its strength is lost; and tbeproo- 
ess of slaking is, by the veiy excess of water, mudi retarded. Hie 
process is also slowed up if very cold water is added, although the 
water soon becomes heated from the reaction of the lime. At the 
start, just enough water Should be put on to initiate the slaking process. 
After this, as the slaking proceeds, more water shouU be added as 
needed, taking care to keep the lime thorou^ly moist at all times. 
A very active and quick slaking lime should be covered with water 
from the veiy beginning, to guard against the possibility of bi£mii^ 
If the lime once bums, it will afterward be impossible, by any amount 
of working, to get out all the fine lumps that are then caused. Rich 
lime will aften^^ards work cool, is little likely to crack, and bears 
troweling when being finished, without the surface peeling oflp, blister- 
ing, or staining. 

If lumps of unslaked lime escape through the screen when the 
lime is run off, and get mixed into the mortar, it becomes very difficult 
to eradicate them aften^^ard. It is not possible for the plasterer to 
get these lumps out of the mortar when working it on the wall; and 
the results of their afterwards slaking out will continue to appear long 
after the house is finished. If they occur in the first coat, at various 
times after the work is completed — frequently extending throughout 
the entire first year — these lime lumps will suddenly blow or expand, 
forcing out the surface plastering outside them and making a laige 
blister or lumj), generally al)out an inch in diameter, which, if upon 
the ceiling, almost invariably falls off. If this unslaked lime gets into 
the final coat, much the same result occurs, although the particles 
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are of necessity smaller in size. Instead of being lai^, the resulting 
holes are then comparatively small, running generally about the size 
of the head of a pin, and the entire surface of the plastering is fre- 
quently pitted, the particles thrown off appearing about the room in 
the shape of a white dust. 

In the brown rough-coat, the spots of white, unslaked lime are 
quite easy to see, as they are often the size of a bean or pea. How- 
ever, in the final white coat, these spots, being smaller and of the same 
color as the rest of the mortar, do not show. 

After it has once begun to warm up, the lime should be worked 
or stirred thoroughly during the process of slaking, so that, after the 
action has been completed, it will be of the consistency of a pasty 
cream. After slaking, the lime should be run off through a fine sieve 
(No. 5 screen) put at the end of the slaking box, into the next lower 
compartment, or mortar-bed. The screen is intended to keep out any 
lime lumps too large to slake before the mortar is used, or any flinty 
settlement that may be found in the lime, and to allow only a pure and 
thoroughly mixed hydrate to be admitted to the bed. 

When drawing or running off the lime, a large supply of sand 
already screened should be at hand to scatter in the bottom of the 
mortar-bed and to use for stopping leaks that may appear as the box 
gradually fills. This screened sand should be sufficient in amount 
to complete the mortar mixture. An ample supply of water, either 
in barrels or in hose piped from a hydrant, should also be ready at 
hand — to avoid any possibility of the lime burning. 

For the putty or finish coat, the paste should be made even thinner 
before running off, and may be of the consistency of milk. The sieve 
through which it is strained should also be finer, of about the mesh 
of an ordinary flour or meal screen. The paste for this coat is often 
obtained by running off the lime a second time, as by this means a 
cooler working putty is secured. 

The length of time that mortar for plastering should be mixed 
before being used, is a much-discussed question. It is generally 
stated in architectural specifications, that "the mortar should be 
mixed ten days or two weeks before using.'* As a matter of fact, this 
requirement is not always either wise or desirable. It is true that, in 
old English work, lime mortar was left covered over with earth to 
stand for long periods of time, often six months to three years elapsing 
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before it was used. In this country, such slow-going methods are not 
to be expected. While lime does gain in strength by standing in this 
thin putty state before sand or other materiab have been mixed with it, 
yet three or four weeks, at the least, are necessary before the increase 
becomes very apparent. It is also necessary that the paste should 
remain moist, by being kept covered all the time. At the end of the 
fourth month its strength will have increased about one-fifth, and 
most of this gain has been made during that month. From then on 
the gain continues, but gradually decreases in amount. 

It is more economical for the plasterer to use a lime that has been 
slaked for some weeks, as, when tempered down, it will work freely 
with the admixture of a much larger proportion of sand than is taken 
up by lime mixed as soon as it can be readily worked. This extra 
amount of sand does not add to the strength of the mortar; but, as it 
causes the lime to cover a greater surface, it is a considerable economy 
for the contractor, made, however, at the expense of the quality of his 
work. 

Lime mortar need be left standing only long enou^ for all its 
particles to be thoroughly slaked, and, if properly mixed and wet 
down in the first case, a great deal of time need not be required to 
effect that result. This once secured, the quicker the mortar is mixed 
and put upon the building, the better and stronger will be the plastering 
that is obtained. It is further claimed that the accompanying loss of 
limewater is also very harmful, as tliis water — from the properties 
which it has already absorbed from the lime — is much better suited 
for carrying on the process of mixing than newly added clean water. 
Yet, if the lime has been long standing, it may l>e necessary to add clean 
water to replace the water lost by evaporation or seepage, although 
mortar mixed with clean water never becomes so hanl as that mixed 
with the water obtained in slaking the lime. 

The sand and hair are next added, the hair iKMng put in before 
the mortar becomes too stiff to work readily. Aft«»r the sand is mixed, 
the mortar should not be left to stand for any length of time, as it 
would become considerably ad and a loss of stn*ngth would result. 
If the mortar does Iwcomc set in the IhhI, reworking would Ix* necessary 
before it could be j)ut uj)on the walls. The stn»ngth then lost l>ears 
a direct relation to the length of time it has stcKxl, and the solidity it 
has attained, before this final worknig up. 



306 



PLASTERING 11 



In plastering mortar where hair is required, a still further loss of 
strength would result, as the hair would be so rotted or eaten by its 
long exposure to the action of the wet lime as to be almost or quite 
worthless. The hair cannot well be mixed evenly, except at the time 
when the mortar is first run off, while it is in a very thin paste. If, 
after a lime-and-sand mixture had been standing for some months, it 
were attempted to bring it to a sufficiently fluid state to receive the 
hair properly, by wetting it down a second time, a considerable propor- 
tion — varying from a quarter up to almost a half — of its strength would 
be sacrificed. 

Bearing these facts in mind — once certain that the lime is slaked — 
it would appear better that not more than a week should elapse before 
the use of this mortar; and a less time than that is, under many circum- 
stances, undoubtedly desirable. It is evident that no more lime-and- 
sand mortar should Ik* mixed at one time than can be used within a 
few days at the most. The length of time that mortar should be 
allowed to stand, is determined more or less by the dryness or moisture 
of the atmosphere. The dryer the atmosphere, the shorter the time, 
as the setting of the mortar is, in part, a chemical result of the drying 
out, or evaporation, of the water of crystallization, as it is called. 

It has already boon said that limes made in different parts of the 
country vary extensively in their chemical composition and properties. 
A knowledge of the chemical composition of lime mortars and the 
individual peculiarities of the lime locally used, is necessary before 
aj)plying or attempting to utilize the principles here set forth. In 
the eastern part of the United States, the limes frequently contain from 
a thinl to a half of carlwnate of magnesia; and the mortar in which 
such limes are employed sets very readily. 

To sum up, the lime should be slaked as evenly and thoroughly 
as possible. It should be nm off from the slaking bed through a fine 
sieve into the mortar-lxxl It should lie there no longer than is abso- 
lutely necessary; and if it could be possible to add the hair and sand 
while the original mixture is sufficiently moist to take up and work 
the entire amount of the latter material to Ikj added, the resulting 
mixture would undoubtedly Ix^ that much the stronger and more 
durable. 

Mixing the Mortar. The amount of sand to he mixed in with 
the lime paste b a variable quantity, depending upon the sand itself, 
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upon the quality and thickness of the lime paste, and also upon the 
nature of tlie work for wliicli the mortar b inteoiietl. With < 
tionally rich limt-s, sand to the amount of about two times the bu! 

-of the lime — measuring the slaked Xiny. in tfte taeok of a latfier finn . 
paste — may be added. Aawillbeseeo,thistsaiaofltimoertamp>opar- 
tkm, for a great deal depends upon the firmneaB of the lime paste aloiie. 
Allowing for variation in nae of the lumpi of lime and ibtir doaa or 
loospr packing togedier, it may pertups be better to say Aat die sand 
should bear a rela^n to the iW, before it is alitked, of Eram dmn to 
four and one-half times its bulk. 

The ndter the lime and the finer the partidea pf aukt, Ac; muQ 
of the latter sluHild be employed, aKbou^ the finer aand does not 
make as hard or as good nuntar as the coarser variely. If both an 
clean and sharp, the finer and coarser varieties of sand may be miitod 

. togetbOT with good results. Most liUiorKs are ^ to stop adding aand, 
merely because the mortar mixture becomes hard to work -vrbea tiia 
paste becomes too thidc. litis is poor policy, inaamudi as die mi»- 
tuie bec!omes much harder to woric wbea the tempering is p>itly oonh' 
pleted, a day or two later. 

Ilie fineness of the sand is an important foctor. A radier ooane 
as well as sharp sand is considered best, as the amount and c^iaci^ 
of the voids left in such a mixture would be of sudi size as, wiAout ai^ 
doubt, would provide space to contain lime suflScient to cement this 
granular mass very firmly together. The close pressure and contact 
of the sand particles would also lessen the possibility of settlement or 
shrinkage, with accompanying ma-p-cracka. The hair may be mixed 
in either before the adding of the sand or when but a very small pro- 
portion of the latter has been worked into the lime mixture. The hair 
is generally mixed with the mortar by means of an iron rake. It should 
be thoroughly mixed, and enough should be used to make it impossible 
to find any small sections of the mortar in which the hair cannot be 
seen. This will require from one and one-half to two bushels of hair 
to a cEisk of lime. 

If the mortar is to be used as a first coat on stone, brick, or ^milar 
surfaces, it will carry more sand, and hair is not considered so essential, 
a half-bushel to the barrel of lime being generally ample. If too little 
sand is used, the plaster is liable to dry too quickly when setting, and, 
after it is dry, will crumble very easily, showing up too white, or ashy 
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gray, in appearance. If too much sand has been used, the plastering 
is liable to fall oflp, and will crumble when rubbed between the fingers. 

Mortar for a second coat on lath may be of about this same 
consistency of mixture. For the final coat (the pMy coat or hard 
finish) but very little sand is used. The harder the finish, the less the 
amount of sand. For this coat, the sand is mixed at the time when the 
putty is run oflf. For hard finish, when marble dust, brick dust, or 
anything of that sort is added, it is generally mixed together on the 
mortar-board immediately before applying. Stucco, or plaster of 
Paris, is never mixed with putty until immediately before using, on 
account of its rapid setting, which occurs in a few moments after 
mixing. When once set before being applied, it becomes useless. 
No more water than is necessary should be added, either in the mix- 
ing of the mortar at first or in its subsequent tempering, as over-much 
wetting of the lime deprives it of a considerable proportion of its 
strength, and also retards the setting process by giving that much more 
moisture that is necessary to be disposed of by evaporation or crystalli- 
zation. 

A bushel of lime is standardized to weigh 80 pounds; 200 pounds 
is allowed to the barrel; a bushel contains about one and one-quarter 
cubic feet. A barrel of sand is supposed to contain 3 cubic feet of 
sand, and a bushel of sand weighs about 120 pounds, and wet mortar 
130 or 132 pounds. WTien hard, mortar is figured to weigh about 110 
pounds to the cubic foot. 

To sunmiarize — one barrel of lime, 200 pounds, will take about 
a cubic yard of sand. In most localities a load of sand is supposed to 
contain twenty- seven cubic feet, or a cubic yard; but it is frequently 
less than this, extending down to two-thirds of the amount. To the 
barrel of lime should also be used about two barrels of water and — ^as we 
have seen — ^upwards of two bushels of hair for a first coat. Hair comes 
in paper bags weighing generally something under eight pounds and 
containing enough hair to beat up into a measured bushel. This 
amount of material, when the lime has been slaked and the whole 
mixed together, will amount to 35 or 40 yards (about 5 barrels) of 
mortar; and the amount should cover about 40 square yanls of 
lathed area, requiring about 600 laths to surface. 

The final skim coat is mixed roughly to the following proportions: 
A cask of lime to a half-tub of water, which should take up about a 
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barrel of the hard, clean sand used in the surface coat. Generally 
the plasterer uses a larger barrel or hogshead for water, than the cask 
in which the lime is delivered. Also, in some localities, the lime will 
ruq somewhat more than 200 pounds to the barrel, Maine lime from 
Rockland being supposed to average 220 pouikls. Rockland lime is 
considered in the East good lime for scratch and brown coats, but 
many masons prefer Jacob's lime for the finish coat. 

It shbuld be remembered that the bulk of the completed mortar 
mixture does not equal the total combined bulk of its various ingre- 
dients, but b less than the aggregate bulk by about one-quarter. 

PLASTERING 

Interior plastering is now applied either in two or in three coat- 
ings. Three coats are always necessary on metal or wire lath, the 
first coat being required to stiffen the body of the material sufficiently 
to allow thorou^ working of the remaining coats. Even upon wood 
laths, three coats make a better job of plastering than two. Extra 
strength and body are obtained by the addition of the extra coat, pro- 
vided time be allowed to dry out each of the coats thoroughly before 
the next coating is added. It has now, nevertheless, become the general 
custom to employ but two coats on the less expensive grades of resi- 
dence work. 

The plaster mortar is applied to the walls with a hand trowel of 
steel, about four and one-half inches wide by twelve inches long, having 
a wooden handle that is parallel with the back of the blade. After the 
mortar is put on and roughly smoothed out with the steel trowel, 
the darby, a long wooden trowel, about four inches wide and three feet 
in length, is taken by the workman and used — with a scouring motion — 
to level the plaster surface and work it to an even thickness and uni- 
form density. The flat part of the darby is generally of hard pine, a 
half-inch or slightly more in thickness. 

Three-Coat Work. The best interior plaster work always used 
to be put on in three coats, and was worked to a final thickness of 
about seven-eighths of an inch. Of the three coatings, the first is the 
thickest, so that, when dry, it may be strong enough to resist the 
pressure of working the coat or coats to follow. A large part of the 
advantage of three-coat plastering is obtained by thoroughly drying 
each coat out before applying another, thus securing the added dens- 
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ity and strength made possible by forcing the subsequent coating 
firmly and strongly against the surface upon which it is being placed. 
Rubbing or troweling up the rough mortar before it finally dries and 
sets, also makes it much more compact than is possible from working 
it at the time when it is first applied. 

The first coat,called the scratch coaty contains the greatest propor- 
tion of hair, that being useful in strengthening the key or clinch of the 
plaster behind the edges of the wooden laths, through the crevices 
between which it has been forced. Before this coat thoroughly dries, 
the surface is scratched (hence its name) with a tool designed for that 
purpose. The surface of the second coat also is sometimes scratched 
with nails set into a wooden float or darby like that used to rub over 
the surface, before adding the finish coat. When one coat is entirely 
dried out before another is applied, this scratching is always necessary, 
the scratches forming a clinch or tie permitting the subsequent coat 
to unite the more firmly to the preceding. 

The second coat generally contains a larger proportion of sand 
and much less hair than is necessary in the first coai. The surface 
of this second coat — or brown coat, as it is called — must be brought 
up true and even, especially at all angles, and be plumb upon the 
walls. Before the finishing coat is applied, lumps must be removed 
and all other imperfections corrected, and the mortar must become 
sufficiently set to allow the entire surface to be rubbed up with a float 
or darby and so mad? compact and firm. 

To save time, the plasterer adopted the custom of putting his 
S(*cond coat on over the first while the latter was still green. The 
combined mass (practically one thick coat) was then darbied and 
treated the same as in two-coat work, over which about the only ad- 
vantage of this method was in providing a rougher sand surface on 
the second coat than was possible when more hair (always necessary 
in first coat) was included. Otherwise, substantially the same re- 
sults as are secured by thus working two coats together are obtained 
in the first coat of ordinary two-coat work, at a saving of both labor 
and time. While this method does not furnish so good or so perma- 
nent a job of plastering, it is modemly considered as meeting the re- 
quirements of three-coat work, when so specified. 

The saving in this sort of three-coat plastering is made chiefly 
by the plasterer, in the expense of doing his work. The owner pays 
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mbrc money than a two-coat job would cost him, and actually receives 
substantially the same grade of work. The second coat, too, dries 
more slowly when applied before the first coat is dry and hard, and 
there is therefore not so much saving in time as is generally believed. 
If three-coat work is attempted at all, it should be insisted that the 
first coat be thoroughly dry before the second is added. 

The final coat is generally composed of lime putty, with a smiall 
proportion of white, clean sand, gauged with plaster of Paris. This 
gives the whitest finished surface. If a color is considered desirable, 
a colored sand may be used. All lath cracks or settlement cracks 
occurring in the previous coats should be cut out and patched before 
the last coat is applied. The final coat is about one-eighth of an inch 
thick, and the surface is burnished with the steel trowel to an even and 
straight surface, and worked sufficiently to free it from chip cracks or 
other surface defects. The lime for the white finish mortar should be 
run through a sieve of not less than ten meshes to the inch. 

From thus combining the first two coats when green, the next step 
naturally, in the development of methods of work, was to apply but 
one coat, making it of increased thickness, and scratching it ready to 
receive the finish skim or white coat, except when it was desirable to 
finish the plaster with a rough surface, of* to sand-scour it, as the last 
process is soinetimcs called. 

Rough Plaster Finish. If the mortar is to be finished with a sand 
or rough finish, two coat.s are applied. 

The second coat — which should be put on only after the first is 
thoroughly dry — is substantially the same as the brown coat described 
above, the rough finish being secured by w^orking the surface of the 
second coat, before it dries, with a soft-faced float and a mixture of sand 
with some lime added. Sometimes the surface of the float is of carp>et 
or felt, s()metim(\s of cork or other soft wood. Only so large a surface 
as may be readily covered at one time, can be floated, darbied, etc., 
before it has time to set. In this case no hair whatsoever is put in the 
second coat, as the hair destroys the evenness of the surface that is 
obtained by the scouring action of the particles of sand rolling around 
l)etween the surface of the float and the face of the plaster. A long 
float is generally use'd for scouring, and the surface is w^orked to an 
even and true face, care being taken not to leave any marks from the 
instrument itself. 



312 



PLASTERING 17 



While it is generally the custom to add rough plaster finish on the 
second coat, in inexpensive work, especially for summer residences, 
a very artistic effect can be obtained by rough-working the surface of 
the first coat. If one-coat finish is employed, hair must be used, and 
the consistency of the coat must remain much the same, whether it is 
surface-finished or not. In that case, however, it is not possible to 
work the surface as true and as even as the surface of a second coat. 

Two-Coat Work. Most plaster work now consists of only two 
coats. 

The brown mortar employed for the first coat should be made of 
fresh lime used as soon as it is stiff enough to be worked, with strong, 
well-distributed cattle hair and coarse, clean sand. The first coat of 
mortar must always be put on with sufficient pressure to force the 
plaster through between the laths, and so ensure a good clinch. The 
face of this coat must be made as true and even as possible on surfaces 
and angles, and plumb on the walls. After the first coat is sufficiently 
set, it may be worked again with a float consisting of a piece of hard 
pine about the size of the trowel. Sometimes the face of this float is 
covered with felt or other material to produce a rough textural treat- 
ment on the plaster surface. The first coat should run a strong five- 
eighths inch in thickness, and shoukl be thoroughly dried out. 

It is generally inadvisable to attempt to trowel a two-coat job 
very smoothly. If the attempt is made to float the first coat when it is 
too thin or insufficiently set, the instrument is likely to leave marks 
on the wall, and the plastering is itself likely to crack. It is better to 
err on the side of caution, as, if the plaster has become slightly too drj', 
it may easily be dampened by sprinkling water upon it with the plas- 
terer's broad calcimine brush and following it immediately with the 
float. The use of water in this way has accompanying advantages 
in that it tends to harden the plastering and to prevent the hairs 
gathering along the edge of the float, when otherwise they would have 
to be shaken off every few moments to prevent their rolling under the 
instniment and being pressed into the surface of the plaster in tiifts 
and rolls, in such a way as to show through even the finish coat. 

Care should be taken to see that each coat invariably is absolutely 
dry and hard before the addition of another coat is attempted. Other- 
wise the later coat will fall off, in greater or less part, and it will be 
quite impossible ever to obtain a good surface finish; while, if it should 
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happen that the first coat is only partially dry when the second is 
applied, it will be seriously injured by the pressure brought upon it 
when floating. Its clinch to the lath is thus often partially or wholly 
broken, sometimes the plaster falling entirely off, leaving the laths 
exposed. 

The finish second coat in two-coat work is the same as the final 
skim coat in three-coat work. 

The Finish Coat. The finish^ skivfiy or white coat should never be 
applied until the earlier coat or coats are thoroughly dry and hard, as 
it is liable to crack if put on before — quite aside from the possible 
danger of injuring the first-coat work by the pressure of troweling 
before it is entirely dry and set. A simple putty coat should carry 
more sand than when the finish is hardened by the addition of plaster. 
If plaster is used, the mortar should always be gauged (that is, plaster 
should be mixed with the putty) after it is placed on the mortar-board. 
The usual process of gauging consists in making a hollow with the 
trowel in the midst of the pile of lime putty lying upon the mortar- 
board. This hollow is filled with water, and the plaster sprinkled 
upon it, the whole then being mixed rapidly with the trowel and put 
upon the wall immediately, before the plaster has time to set. The 
proportion of lime and plaster, while variable, averages probably one- 
fourth to one-fifth plaster. 

The finish is skimmed in a very thin coating that is generally 
less than onc-iMghth of an inch in thickness. It is immediately 
tmvveled several times, dampened with a wet brush, and thoroughly 
troweled to smooth up the surface and prevent it from chipping or 
cracking. The water prevents tlie steel trowel staining the surface, 
but the plaster should not he too wet, as it will then blister or peel. 
The whole surface of the finish coat, whether of putty or hard finish, 
should finallv be brushed over once or twice with a wet bnish; while, if 
a polished (or buffed) surface is reciuired, it may be gained by brushing 
— without dipping the brush into the water — until a glossy surface is 
obtained. 

Especial care should be taken, in the final coat, to finish all 
joints smoothly and evenly so that the point of jointure will not be 
apparent. The ceilings are com])l(^te(l first; then the upper part of 
the wall; and lastly the bottom portions which can be reached from 
tlie floor and thus more carefully finished up to the joint. 
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The plasterer generally scaffolds the room with boards at a 
sufficient height to enable him easily to reach the ceiling overhead 
without raising his arms too high to work each of the coats evenly. 
The plaster is applied on the upper part of the walls from the same 
scaffolding, and the remainder of the work is completed from the 
floor. If too much time elapses in joining the coats at this point, the 
joint is likely to show — ^which is, of course, not serious unless the walls 
are to be left untreated. Occasionally two men working along 
together, one on the scaffolding and one on the floor, finish the walls 
at the same time. 

If the old-fashioned wooden angle-beads are used, the plaster 
should be neatly cut out from each side, forming a small V-sunk angle 
that prevents the thin edge running up against the comer-bead from 
breaking off. As a matter of fact, the use of a metal comer-bead 
makes a far truer, sharper, and straighter angle, and one that does not 
afterward tear or break the papering when it is put upon the wall. 
Angles in the plaster are generally finished with a wooden paddle. 

As the hair is used principally to insure a clinch back of the lath, 
if plaster is applied on a stone or brick wall, a scratch coat is seldom 
necessary; and the coat of bro\^ mortar is very often used without 
hair and of about the composition of brick mason's mortar. If a 
scratch coat is used under these conditions, it is generally mixed with 
more sand and less hair than when put upon laths. 

For a finish where plaster mouldings are to be used, or when for 
any purpose* an unusually straight, level, and plumb surface of plaster 
is required, three-coat work, put on in the old-fashioned manner, 
should be demanded. This is necessary in order to get a surface 
sufficiently level and true to run plaster mouldings evenly, and to 
avoid the inequalities that are almost certain to occur in all two-coat 
plastering. 

The second and third coats allow opportunities to obtain a straight 
and level plaster surface. Individual spots are brought up to an even 
surface, the plaster then Ix^ing added and carefully worked between 
and amongst them, bringing it all to the same face by means of the 
straight edge. Occasionally it happens that the rough coat is so 
uneven that some filling in is absolutely necessary to make the wall 
sufficiently even to rectnve the last coat. In that case, a mixture of 
half plaster and half putty may be used in leveling up the rough work. 
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If no finish coat is to be put on, the surfiice should be troweled smoothly 
as llie mortar is applied, care Wing taken to lea^e no marks, hollows, 
oruneven places; but if the wall is to be finished or frescoed, it should 
be kft with a floated surface. 

Patent Plasters. Patent plasters, such as adamant, etc., are not 
often employed for private dweilingSj being chiefly suitable for mer- 
cantile purposes. The patent plaster has certain advantages that are 
Helf-*vident— such as quick drjing and hardening. Its surface 
hardens more quickly and resists abrasure longer than the ordinary 
hme plastering However, a break once occurring, the extreme stiff- 
ness <tf the mixture Dtakea it liable to edend further and to be of a 
more aerious nobire than if the softer, more flexible lime plaster oor- 
eriiig had been injured in the same manner. 

Ilie extra stiffness of most patent jdasters is caused by the cement 
that generally forms so in^>ortant part of their coo^msition. Iliese 
plasters are sokl ready for use, requiring ioerdy the addititHi of a 
sufficient amount of water. Tbey are thoefbre eqiedally adi^>ted 
for use l^ the inexperioiced, and are valuable for executing anaD 
pieces of woriE, as the^ do not presrait thie lialulides to failure, or loss 
of time and delay, occasioned by mixing up batches of lime mortttf . 

Back Plastering. Occasionally a wood-framed house is bati- 
plastered for warmth. Thb process consists in nailing a strip of 
seven-eighths inch furring against the inside of the boarding on each 
side of the studs. The space between the studding is then lathed 
(of necessity a slow and bothersome job) and plastered one rou^ 
coat of hair mortar, which should be allowed to dry before any lathing 
is placed over it on the inside face of the studding. As a matter of 
practice, the efficiency of back plaster b much injured by the fact 
that the studding, m seasoning after the plaster is set, is likely to 
shrink away from the plaster, leaving a narrow perpendicular crack 
on each side of the stud , which permits of the passage of cold air. 

Plaster Cracks. Cracks in plaster occur from several causes. 
If the distance between the ends of the laths, where they join on the 
studding or furring, is too great, the lai^er amount of plaster in that 
place, when drying out, may cause a short crack. Any such spaces 
should, however, be filled by the lather before plastering is begun. 
Sometimes, too, especially in the first coats, cracks are caused by the 
shrinkage or expansion of the wooden laths after the mortar has 



PLASTERING 21 



wholly or partially set. The result is a series of narrow cracks parallel 
to each other and the width of the laths apart. Laih cracks are ordi- 
narily filled in and covered up by later coats^ and so do not often appear 
in the finished plastering. They may, too, be worked out when float- 
ing up the coat before it finally sets. If wide or deep, however, they 
should be cut out to a width of an inch or so, and filled in with new 
mortar before adding the last coat. 

Cracks of a like appearance are sometimes caused by the rough 
mortar being too rich, or by draughts of air from open doors or win- 
dows drying out portions of the plastering too quickly. The too 
rapid drying of plaster with stoves or salamanders, often produces a 
like result from similar causes. An experienced plasterer should be 
able to determine the responsible cause and take measures accordingly, 
using more sand if the mortar is too rich, screening openings to prevent 
draughts, and using less fire in his drying stoves. In green work, 
damage already done may be repaired by refloating again before the 
work becomes too dry, softening the mortar with water if necessary. 

Cracks sometimes occur in the angles at the ceiling or comers of 
the room. When in this location, they may be caused by the shrinkage 
or settlement of the partition or floor. In the perpendicular angles, 
especially, they may extend only to the depth of the finishing coats. 
In that case, the causes are likely to be either too thick plaster, insuffi- 
cient troweling, or an insufiScient amount of plaster in the gauged 
coat — causes which are easily remedied in the remainder of the work. 

Cracks running diagonally across a partition, or radiating from 
the comers of doors and window openings, are caused by the unequal 
settlement or shrinkage of the building. They frequently occur at a 
perpendicular angle where a wood partition is brought up against a 
brick wall, or at the ceiling line where a wooden floor comes up against 
a brick supporting wall. 

Cracks occur in the final finish when the putty is not gauged 
enough or not troweled or bmshed enough, when it is put on too thick, 
and when too little sand has been used. These cracks are called 
chipped cracks. Plaster, when apparently perfect and without cracks, 
will sometimes cmmble, either from too rapid drying or from the use 
of too mych sand. Either too much or too little sand materially 
injures the strength of mortar. 
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If unclean sand, iHrt, or ptay has l>ecome mixed with the mortar, 
it not only wciikons the Htne hut prevents its adhesion to the sand 
particloK, so that no real set of the mortar ever occurs. Of course, 
at all times, poor raateriuls— -SHnd, lime, or hair — may be responsible 
for defects in plastering. Plaster occasionally falls ofT even when 
apparently hard and f^ood, if the laths are too near together, if there 
is insufficient hair, if the mortar is too rich or too sandy, or if il had not 
been pressed against the laths with sufficient force when being applied 
or it may become loosened by the .springing of the laths under the ^ 
preAsiin- of floating it ton hanl. On brickwork the mortar require93 
omudetable more suid than for ^{dicatuui on laths. 1 

IJme must have time to set befbie it dries out. Therefore, to 
last wdl, it should dry skiwly. A stiffer working mortar makes better 
tuid harder plaster than thin or wet matoiat, provided, of course, it 
is thin enou^ to clindi well to the lath in finit«oat wo^ or to adhae 
to brick and dry scratched surfacea, uid to spread eVoily, in aeoimd- 
coat woik. Stiffer mortar can safdy be applied upon wet moctaT 
than on dry; and wide-spaced lathiog will take stiffs mortar than 
cktse-laid laths. When two coats of mortar have beea put oa, and 
the last coat falls from the first, it is generally because the first coat 
was not wholly dry when the second was applied. The coats must 
either be entirely dry or quite green to be successfully combined. 

If possible, it is better to have the workman use makesof materials, 
especially lime, having those properties with which he is acquainted. 
Attention has already been called to the fact that different makes of 
lime var^' considerably in their chemical composition. It is not even 
certain that lime of the same make will always run even in production, 
year after year. Of course, lime that has been slaked by exposure 
to air or water while in the barrel, and before it is used, is worthless. 
As this occasionally happens, it is well to be watchful and see that 
such bad material is never added to the plaster bed. 

As a final warning, be certain that the last coat of plaster has 
dried out hard and strong before any wood finish is installed, as other- 
wise the wood will absorb the moisture from the plaster, causing it to 
swell and therefore opening cracks that are never likely afterward 
to bo altogether closed. All wood finish should also be kept out of the 
house while plastering is going on, as it will absorb moisture from the 
air around it. The reason that sash are not ordinarily set until after 
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the plastering is finished, is because they absorb so much of the 
moisture as to cause the sash to swell in place. It is generally con- 
sidered preferablef to fill the window openings or doors with screens 
of cotton cloth, as this prevents direct draughts and still allows of a 
circulation of air that dries plastering much more rapidly than artificial 
heat, or than it would dry if these openings were closed by solid doors 
and glazed sash. In very bad weather the screen of cotton may be 
slightly strengthened, if necessary, by the application of a coat of white- 
wash on the inner side. Contrary to what might be supposed, the cloth 
window-screen is almost as good a protection against external cold 
and frost as is the glazed window, although the current of air passing 
through the cloth meshes of these screens into and out of the house, 
causes a slight loss of heat, adding somewhat to the expense for fuel 
required to dry out a plastered building. In good drying weather, 
these screens should be taken out and left out during the day,. but 
should be replaced at night or in damp weather, when the plaster 
otherwise is likely to reabsorb moisture from the air and so delay the 
time of its final drying out. 

If avoidable, the artificial drying of plaster by salamanders should 
not be employed; natural drying by sun and air is, under all circum- 
stances, preferable. The salamander not only dries the room in which 
it is placed, too quickly — especially the ceiling above — but fills the air 
and the plaster itself with gas fumes, and, by steaming, is frequently 
the cause of the rotting of plaster or hair, thus reducing its vitality 
and life. Heating a house to dry out the plaster by means of the 
regularly installed heating plant, is preferable to the use of salamanders, 
the chief objection in this case being occasioned by the unduly rapid 
drying-out of wall plaster back of or above registers and radiators. 
The situation is helped if the radiator is set out from the wall and some 
screen is placed between it and the plaster. A screen may also be 
employed against the wall over a hot-air register; but there is no 
means of protecting the plaster on either side of a partition through 
which a hot-air or steam pipe passes. Such plaster is bound to be 
severely strained by being dried too quickly. 

If plaster is frozen when wet, it is likely to loosen up and injure 
the whole mass so that it may eventually fall off. The effects of 
freezing are less troublesome if the wall is frozen after it is dried and 
has once set. If only slightly frosted, and thawed immediately and 
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floated agauiy it may often be saved, the effect in that case beii^; not 
much different ftom what it would be if the wail had been surface* 
moistened and Floated. 

Plaster Mouldfaif. Plaster mouldings upon oolings and waUs 
are less frequently employed now than a few years ago, when, eqpe* 
dally at the intersection of wall and ceiling, a heavy cornice ci plaster 
was the oonmion method of finish. Nowadays a ccmiice of wood is 
more commonly used. 

Bri^y described, the running of a moulded plaster cornice is 
as follows: Two paraUdi strips, or screeds, are run cm the ceiling and 
the side wall, with their nearer edges evenly straightened. Theseedges 
are then fitted to the mould — a piece of metal cut out to a reversed 
section of the cornice outline. The mould is run along the strips 
fastened to the wall for guiding it, the lower edge bdng cut out and 
fitted to run upon them. 

The plaster necessary to fill up the mouldings of the ocmiice may 
be tied back to the wall and ceiling by rows of nails driven so as to 
stand at about the location of its greatest thickness; yAuie a strip of 
metal lath, filling m the angle upon projecting funings, will offer the 
best possible clinch, and will help to reduce the tMhlmftQtt of ^ 
plaster and render its diying and shrinkage more equable and its sur- 
face less likely to crack. 

When all is ready, enough putty and plaster are gauged in about 
equal parts to run the cornice down the length of one side of the room. 
The moulding form is then rested upon the supporting and guiding 
strip against the wall, and drawn along from right to left, pressed 
against the mass of mortar which is thrown into the angle just ahead 
of it by the trowel, the space immediately in front of the moulded strip 
being kept sufficiently full of plaster mortar to fill out the moulding 
entirely at all times. When the length is completed, or the gauged 
material is used up, the mould is moved back and forth along the 
length of cornice that has just been run, scraping away all the plaster 
except that included within the outline of the mould. 

Where hollows occur, the gauged material scraped off by the 
mould should at once be thrown on again at these places, so thav they 
may be immediately filled and brought up to the right section outline 
by again running the mould over these portions. The gauged putty 
will set in a few moments, and each side of the room or section of the 
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moulding must be run and completed or filled out very rapidly. The 
comers at the angles of the room may be filled in by hand, or a section 
of the mould may be separately run upon the floor, sawn in a mitre 
box, mitred and fitted in place upon the wall, the joint between the 
cast and run moulding being then carefully patched and evened off. 

The extra amount of plaster included in the thickness of extreme 
projecting mouldings is the cause of occasional surface cracking; while 
other cracks are occasioned by the settlement, shrinkage, and move- 
ment of the house frame. For these and other reasons, it is now gen- 
erally considered that a wooden cornice, despite its defects of shrink- 
age, is better suited than plaster to this purpose. 

Finally, the moulding may be sprinkled with the brush and the 
mould may be run over it several times more, ending by finishing 
with a brush so as to give the moulding a gloss just as on the wall 
plastering. The same process is repeated for different kinds of plas- 
ter moulding, merely varying the method to provide for the different 
conditions set by circumstances, a circular moulding around the 
lighting outlet in the middle of the room, for instance, being swung 
from a peg driven into the center of the gas pipe or outlet box. Other 
kinds of plaster mouldings are run by unimportant variations of the 
processes described. 

Cast ornaments are made separately in moulds, into which the 
plaster is poured. Most of these separate moulds are made of plaster 
hardened with glue or shellac, or surfaced with beeswax, and are 
generally oiled before being used. Plaster ornaments are fastened in 
place with fresh plaster or glue; occasionally a few screws are used, 
in which case the heads should be countersunk and covered in with 
plaster so as not to show. 

EXTERIOR PLASTERING 

Although exterior plaster surfacing for dwellings has been in use 
in Europe for many years, it has but recently met with favor in this 
country. In Italy, plaster, or stucco, applied in large, unbroken 
expanses upon a stone or brick building, has long been a favorite 
method of construction. Frequently, too, this plaster surface is 
stained or colored and worked up into different c'esigns. In England, 
France, and Germany, plaster has been more frequently used in con- 
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nection with a half-timbered frame, although these countries also 
contain instances of its use in large, unbroken, simple surfaces. 

In modem American work, it is not often that a brick wall is 
covered with plaster, as the aesthetic possibilities in the use of rough 
hard-burnt brickwork have now long been recognized; and when 
this — the cheapest brick-building material — is employed upon a 
dwelling, it is itself utilized for the exterior surface and to obtain the 
exterior effect of the structure. 

Plaster has been used in this country in imitation timbered houses 
for some years ; but recently its employment in large, simple surfaces, 
unbroken by the cross-barring strips of dark wood, has become popular 
— a treatment much more appropriate to this country. We also 
possess some examples of brick and stone houses, two hundred years 
old or thereabouts, that were covered and surfaced with white plaster- 
ing; but in the most recent of American plastered dwellings, this effect 
has been simulated by applying the plaster to a wooden frame lathed 
with a fine-meshed wire cloth. 

In any plastered building, the cornices should be projected 
suflBciently far to protect the walls and all exposed upper surfaces of 
the plastering. The farther this projection, the more certain the 
safety of the plaster, especially in the northern sections of the 
country. 

The essentials for successfully-wearing exterior plaster applied 
in modern fashion, are: A well-seasonwl, shrunk, and settled frame; 
a solid, immovable foundation ; and a carefully applied and thoroughly 
worked job of plastering. The framework should be somewhat better 
constructed and more carefully arran^^^ed to prevent movement or 
settlement than on an all-wooden building. Other than this, the 
dwelling to be plastered outside does not differ, in any part, from the 
ordinary house, until the structure has been framed and boarded in. 
For plastering, tht* hoarding is then covered with a slightly l)etter and 
more watcTproof grade of paper than if shingling or elapboarding 
were intended. Outside of this papering, the house is furred wnth 
strips of furring, seven-eighths of an inch thick by one and one-eighth 
to one and one-<iuarter inches wide (for metal lathing they are to be 
placed nine inches apart, for wocxl laths twelve inches, on centers), 
and the lathing is applied upon these strips. 



322 



PLASTERING 27 



METAL LATH 

The best lath for exterior plastering is probably the No. 19 CUnton 
wire cloth. The wire is sufficiently large to be durable, and the mesh 
sufficiently open to allow the mortar to press through and completely 
fill and close in over the back of the wire, thus protecting it from expos- 
ure to the elements or damage from water and rust, even if the plaster 
surface should leak sufficiently to admit water behind thb covering. 
Expanded metal is also used for this purpose, but it is not generally 
considered so good a material, from the fact that it is impossible to 
cover entirely and protect the back of this lath with plastering, and 
therefore there is no means of certainly protecting it from the possi- 
bility of rusting. 

Occasionally, on a small, low house of not over a story and a-half of 
wall height, the boarding may be omitted altogether. The metal lath 
is then placed directly upon the furred studs, and plastered both outside 
and in to insure its absolute protection from damage by water. How- 
ever, the shrinking of the studs opens a small crevice along each side — 
which has already been mentioned as occurring in back plastering — 
and it is thus possible that water may enter from the back and do con- 
siderable damage, even through the narrow space that this shrinkage 
provides. The omission of the outer boarding also somewhat injures 
the stiffness of the house, as a frame constructed in this way is not so 
well braced as when the boarding is applied. Neither are the dwellers 
in the house so completely protected from the exteri6r weather, as the 
second air-space obtained between the papering and the exterior 
plastering is lost. This extra air-space is of assistance in keeping the 
house more equably warm in winter and cool in summer. 

In the use of metal lath, it is always to be remembered that the 
absolute essential is to protect the lath from the action of water and 
rust. This once done — in whatever fashion — ^a permanent and last- 
ing plaster surface is ensured. Sometimes the metal lath is wired 
and fastened to perpendicular iron furrings of tee-irons or angles, 
held to the wood frame with staples or some similar fastening, allowing 
any possible movement of the frame to occur without affecting or 
straining the plaster surface, which is by this means disassociated 
from, while directly supported by, the house frame. Cracks around 
the windows and the angles of the buildings are thus prevented; but 
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it is a more expensive form of construction, and is not now employed 
except in the larger and more expensive residences. 

From the use of wire lath, there are occasionally obtained small 
surface cracks, especially if the lath joint happens to come at a place 
where some strain is afterward placed upon it, and particularly where 
it is weakened from the movement of adjacent portions of the build- 
ing. For instance, if a perpendicular lath lap is made on the line of 
the edge of the window finish, a crack on the line of this joint is almost 
certain to appear in the plaster, extending both above and below the 
w^ood-surrounded opening. Care should be taken to cut the strips of 
lathing so that the joint will come at least nine or ten inches on either 
side of the edge of the window or door finish. All furrings should also 
be kept away and back from all angles, internal or external, upon the 
walls, so that a certain clinch may be effected by the plastering at these 
important points. 

WOOD LATH 

Wood lath is occasionally used, and, in certain sections of the 
country, apparently with good results. It may be employed in two 
ways — one, in the ordinary manner, only spacing the laths somewhat 
further apart than would be advisable on the interior of the dwelling. 
The other method consists in laying the laths diagonally over the 
building in such a manner as to form a criss-cross lattice-work. In this 
case the distance between the laths is from three-ciuarters to seven- 
ei<^hths of an inch, so as to allow the plaster to enter easily and form a 
solid clinch behind these lattice openings. The purpose of the diagonal 
criss-cross lattice is to provide more or less flexibility for the wall 
cov(Tinf^% so as to take up, without injuring or cracking the plaster- 
ing, a certain amount of tin* movement that may always be expected 
in a wooden-framed dwelling. This metho<l of erapkning lath, by the 
way, is in most localities almost as expensive as the use of wire or metal 
lath, which is proV>al>ly a safiM* and surer material to employ. As large 
and as good a (juality of heavy wood lath as can be secured, should be 
provided for exterior work. Lath cracks are also then to be expected, 
from the same reasons that apply to interior work; while the mortar 
should be somewhat softer and slower drying when used U{X)n this 
material than when employed upon a metal surface. 

If possil)le, it is a(lvisal)le so to arrange the work upon the house 
that, after the completion of the frame, some time will still elapse 
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before the plaster is applied. If the frame can be boarded in, and 
the interior of the house plastered and finished under artificial heat 
during the winter, and the exterior plaster added in the spring, prob- 
ably the best results are to be expected. Opportunity is then provided 
for the frame to shrink, settle, and contract. Most of the weight to be 
placed inside of the building is then also installed before the exterior 
surface is applied, so that much less strain and movement may be 
expected afterward to affect it than would be probable under the 
opposite conditions. 

PUTTINQ ON THE PLASTER 

Exterior plaster requires three-coat work. The first or scratch 
coat is indispensable when metal or wire lath is used, but almost 
equally important over wood lath. This first coat should be scratched 
or roughened while drying, and must be thoroughly dry before the 
second coat is applied. A greater time ought to elapse between the 
applications of exterior than of interior plaster coats, inasmuch as it 
then becomes possible to cut out many of the larger and more import- 
ant cracks than have had time to appear, and to patch them before 
the second coat is put upon the house. The second or brown coat is 
then the less likely to crack ; and, if a further extra time is allowed the 
plastering to dry, it can also be patched at the last moment before the 
final slap-dash or finbhing coat is put upon the walls. This slower 
progress aids in giving a more permanent job and one that is at the 
same time less likely to give annoyance from surface cracks afterward 
making their appearance in the finish plastering. 

The question of proportion in mixing the plaster is quite as 
variable here as in the case of interior plastering, and it is equally 
impossible to give absolutely definite directions. Different plasterers, 
each being guided by the experience obtained from working in dif- 
ferent sections of the country, prefer their individually different ways of 
proportioning or mixing their materials. In the first coat, cement is 
added to the lime mortar in proportions varying between ten and forty 
per cent of the mixture. Some plasterers prefer that the first coat 
should be less stiffened with cement than the second. With others 
the reverse is true; while, contrary to the general supposition, the 
exterior coat appears — in the majority of cases — to contain only that 
amount of cement necessary to provide the tone or color that is desired 
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for tlie pxtcritir treatment. CotifHtions also greatly affect these propor- 
tions. When the plaster is added last on a well-seasoned and shrunk 
frame, for instunce, it is worked stiffer than when the building is newer 
and still for from Imubed. 

The fimU co«t for exterior plaster is gmeraUy appHed as a ^ap- 
doA Graah, the suifiuw textuie bang giveo by Ae tImnnDg of haod- 
Ails of Tariouflly sized pdibles or gravdupoD the fnA outer coat, tluu 
pittiDg or marking up its surface. IIk sioaUer the sise xd the particles 
cm|>k>7«l for this purpose, the ntare likd; tht^ are to stick and remain 
in the fresh putty, di^tly tmting the surboe vi& the ctricn^-if any — ■ 
of the gravel tmplojed. 

Tlie coloring of exterior plastering is done in much the same way 
as when it is used inside the dwdling. As a rule, it may be aud that 
not sufficient consideration is bestowed in this oaaiftfy upon the 
poBsilnlities provided by the use of cok» for extaiw pUata- woik. 

It is agreed that the utmost care to prevoit ^wtdute^ atqr leakage 
is necessaiy on the part of the worionab in the carrying out of this daas 
of work; and it is here that the success or foilure at catterior phwrtyring 
most often hinges. Of course, the Jcnnts occasioned by the juxtiqiofli* 
tion of the wood finish and {faster around window and door openings 
offer many opportunities for leakage. Tbs [rfaster should here be 
carefully flashed ; and, if possible, an outer architrave backhand should 
afterward be put on so us to cover and protect this joint. Otherwise, 
a key should be provided for the plastering, by cutting away or hollow- 
ing out a space near the inner edge of the wood fa9ure, into which the 
plaster may be pressed by the workman, and leakage thus prevented 
even it the wood, as is quite likely, shrinks slightly away from the 
plaster after it has been put in place. 

The problem of making tight this exterior plaster wall b com- 
phcated and rendered more difficult when it is divided into paneb bya 
so-called halj-timher treatment. In this style of design, a great number 
of joints between plaster and wood are occasioned where the wide 
wood boards are almost certain to shrink away from the plastering, 
and where, too, it is imjKJssible to protect these joints by outer affiled 
battens in any way capable of covering such an opening as may occur. 
Thorough flashing on all upper exposed surfaces, assisted by protecting 
overhang of the roof eaves, and broad keys provided for the entrance of 
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the plaster at all perpendicular and lower horizontal joints, must alone 
be relied upon. 

Under no circumstances, so far as the lasting value of the work is 
concerned, does the mixture play so important a part as the expending 
of great care upon the thorough surfacing, working, and finishing of 
the mortar, pressing it into every crevice provided to receive it, flashing 
thoroughly every exposed or upper surface provided by the finish, and 
taking every precaution to work out all pinholes or other defects where 
water could possibly penetrate the surface. Every care and endeavor 
is directed to providing a solid, evenly worked, and permanent coating 
which will, in every possible way, throw off and prevent moisture being 
admitted into the space back of the plaster coating — ^that vulnerable 
portion where its attack is most effectually concealed and most to be 
dreaded. 

The exterior plaster treatment of a cement or concrete wall is a 
problem that from now on will continue to be of rapidly increasing 
importance. Here, however, it is but necessary to use the cement as 
nearly neat as possible, adding lime or a make of white cement in case 
a brighter surface color is desirable. Tlie problem of the Aesthetic 
treatment of concrete construction is one that retjuires separate and 
particular consideration. Its solution has, as yet, been hardly 
attempted. Hollow terra-<»otta tile is another material that is being 
modemly used more and more as a structural base to take an exterior 
plaster surface finish. 

The student desiring to obtain a wider knowledge of the intricate 
subject of exterior plastering, may be referred to several articles pub- 
lished in the 1907 numbers of The Architectural Review, Boston. For 
a work treating historically and practically of the entire art and craft of 
plastering — within and without the dwelling — see Mr. William Millar's 
treatise 'Tlaster, Plain and Decorative.'* It would be as well to 
remember, in consulting the latter volume, that it was issued in 1897, 
and that the subject is treated from the point of view of an English 
workman, accustomed to methods and materials somewhat different 
from those common in American practice. 
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Introductory. The first thing a man wishes to know when he 
contemplates painting a house, is the cost. This will obviously depend 
on the C3st of labor, of materials, and the kind of materials chosen. 
The outside of a house is painted, either in whole or in part ; the interior 
may be painted or varnished. Some houses have their walls partly 
covered with shingles; these shingles are sometimes painted, and 
sometimes — in fact, often — left unpainted ; but what is called the trim — 
that is, the boarding about the eaves, windows, doors, the base-board, 
and comer-pieces — is painted. Shingles, either wall or roof, are often 
stained with a creosote stain consisting of a coloring matter dissolved 
or suspended in a liquid called creosote, which is applied for the purpose 
of preserving them; and though instances can be cited in which wall- 
shingles that were never stained are still doing good service although 
believed to be now two hundred and fifty years old, yet the use of 
creosote will undoubtedly prolong the life of modem, sawn shingles, as 
it is noxious to insect life and a powerful deterrent of natural decay. 
The color of unpainted new shingles is generally disliked; but after 
four or five years wall-shingles take on a beautiful, soft color. The 
question of staining shingles is a matter of taste. 

Most houses are exteriorly painted with paint based on white lead 
or zinc. Some idea of the cost may perhaps be gained from the 
following considerations : 

White lead is sold either ground with a little oil to a thick paste, or — 
less commonly — in the dry state. 

A mixture of 100 pounds of dry white lead with 5 gallons of linseed 
oil, makes 6} gallons of paint, weighing 21.3 lbs. per gal. 

Approximate figures are: 15 lbs. paste lead and 6.3 lbs. oil equals 1 gal. 
(1 gal. oil equals 7.7 lbs.) ; 14 lbs. dry lead and 7} lbs. oil equals 1 gal. 

A mixture of 100 pounds of white zinc and 8J gal. oil, makes 10| gal. of 
paint; 12 lbs. zinc and 1 gal. oil make 1.3 gal., or 9.5 lbs. zinc and 5.7 lbs. 
oil make 1 gal. white zinc paint weighing 15.2 lbs. Dark -colored paints 
made from iron oxides, ochers, and the like, weigh 12 to 14 pounds per gallon; 
but exact figures cannot be given, as the raw materials differ greatly. 

Here should be noted the difference between the priming coat and 
the succeeding ones. A priming coat is the first coat applied to the 
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clean wooden surface; it differs from the other roabi ineontainingmore 
oil, Ixvfiiise the wood will soak up the oil and leave the coloring matter 
of the paint on the outside. 

To iniike the paint for the priming coat, take a gallon of the paint 
already described and mix with it a gallon of raw linseed oil. Paint 
thus made is. of course, lower in price; it is also much thinner; but 
such is die absorl>ent power of the wood, that the priming paint does 
not cover as much surface as the succeeding coats per gallon. A 
gallon of this thin priming coat covers 300 to 400 sq. ft, while a gallon 
of second or tliird-coat paint, well brushed out, will cover about twice 
this surface ; tliis is because the surface for all but the first coat is hard 
and non-absorbent. Priming c-oals are used for both outside and 
inside work, as will be describcrl later. 

The dark-colored paints are usually cheaper than those made 
from lead and zinc, and if made of good materials are not inferior in 
durability; the extraordinary claims made by the zinc and lead manu- 
facturers are to be received with much doubt. Some of ihe dark- 
colored paints are the most durable that can be appliwl on wood. The 
chief cost of painting is, however, that of iabor, wiudi varies Kccwdiiig 
to locality and other conditions, seldom Edng less than twice that vS 
materials. 

For light-colored paints, it is better to use raw linseed oil to which 
pale japan dryer may be added, as described later; for dark colors, 
either this or boiled oil, boiled oil being darker in color. The cost is 
practically the same; also the durability. 

On inside work may be used either oil or enamel paint, as 
described later, the former being the cheaper, the latter the handsomer 
and slightly more durable; or the wood may be finished in its natural 
color, by varnishing it either with an oleo-resinous varnish or with 
shellac varnish. The oleo-resinous varnishes darken the wood very 
appreciably, while white shellac varnish keeps it more nearly in its 
natural color; although the latter does not prevent the natural darken- 
ing action of light, it may retard it. Shellac varnish is the more expen- 
sive finish of the two, if well applied. What is sometimes called oil 
finish generally consists in the application of a cheap varnish called 
hard oil, which is usually made of common rosin, linseed oil, and ben- 
zine. Its only merit is that it is cheap. 






'■'^RARY 






111:"- -;;""'V£. 



PAINTING 



It would indeed be possible to apply neither paint nor varnish, 
but merely to saturate the wood with oil, and this would be truly an 
oil finish; it would, however, make the wood dark and dingy, and 
would readily retain dirt, and is a practice seldom followed except 
sometimes on floors — especially kitchen floors — and sink shelves. 
These are at frequent intervals oiled with a mixture of equal parts 
boiled oil and turpentine. 

It is the purpose of this Instruction Paper to describe only good 
and approved methods. It will readily be understood, and will 
certainly be observed in practice, that these methods may be abbre- 
viated by the omission of some details that are here specified as desir- 
able. For instance, it is difficult to get interior finish sandpapered or 
rubbed between coats, even if so contracted; but this is the right 
practice. T^'o coats of varnish often have to serve in the place of 
four. No one, however, needs to be told these things. The methods 
herein described are not luxurious or extravagant; they are, on fairly 
good houses, truly economical; and we are not considering temporary 
structures. 

It is not uncommon to find part of a house, as the living rooms, 
finished in varnish, and the kitchen and pantry painted with oil 
paints, which are lighter in color and more easily renewed. The 
sleeping rooms, on the other hand, are often finished in enamel paints, 
because color effects are desired to harmonize with the furnishings; 
and bathrooms are almost always done in enamel for sanitary con- 
siderations. The taste and inclination of the owner are to be con- 
sulted in regard to all these matters. 

PAINTERS' SUPPLIES 

Pigments and Vehicles. Paint is a mixture of a finely-divided 
solid substance with a liquid which, when spread on a solid surface 
with a brush or otherwise, will adhere and in a short time form — by 
evaporation, or more commonly by oxidation — a somewhat hard and 
tough film. The finely divided solid is called the pigment; the liquid 
part, the vehicle. The most common vehicle is linseed oil. This is 
an oil obtained by pressure (or extraction by solvents) from flaxseed. 
When spread out in a film and exposed to the air, linseed oil is con- 
verted into a tough, leathery, elastic substance called linoxin, insoluble 
in water and all conmion solvents. This change is brought about by 
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abfOfptioii and dbemical union of the cxygm of the air, lAnetAf Ae 
wri^ of tfae-oilis increased about one-fifth or one-obc^ I^istfiiBe- 
fore a mistake to suppose .that ofl paint gets dry as uriutewaab does, 
by the evaporation of the liquid. Instead of that, it gets heayier. 
There are some other T^getebie oib whidi have this ^ptopertf in some 
degree, but ncm ii4udi are used far paints to any omsiderable ei^ 
some are used a little for artists^ eobni. 

Linseed <^ should stand at least a month or two before using. 
It dioiikl then be perfectly free from sediment w doikBness; if i^ 
so, this is a sign that die oil has not been propetiy aged, and sodi oil 
is not fit for making paints. In this natural state, it m called raw aU; 
and the price of linseed oil as commonly quoted reins to raw oQ. 
BoOM 00 is this i»w4^ whkfa has been heated, usuaUy to 45(P w 600^ 
F., wtdi ibik addition xd a small amount of oxide of lead or oxide of 
manganese, or a mizlure of the two (ocqurionally scHne other lead' or 
manganese compounds are used). Boiled ofl is daricer (browner) in 
color than mw <h1, but differs from it dbiefly m that it dries five to ten 
times as mpkUy • A thin film of raw ofl tm a j^ass or metal surfrM» 
will dry at oidinaiy temperatures in five or six days, so as to fed no 
longer greasy; but bofled ofl wifl do the same in a day or half a day. 
Ofl dries best in warm, dry weafiier and out of doors. 

The pigment is mixed with the oil by stirring the two together. 
This is usually done by power, in a vessel called a paint mixer. The 
mixture should then be run through a paint miU; some paint mills are 
of steel, but the best have a pair of mill-stones, between which the 
paint is ground and most thoroughly mixed. Paints mixed in this 
manner are much better than those which are mixed only by stirring. 

Besides oil and pigment, paint sometimes contains a volatile <Am- 
ner, the most important thinners being turpentine and benzine. Tur- 
pentine is a well-known essential oil, volatile, boiling at about 320® F., 
but evaporating at ordinary temperatures when exposed to the air. 
Benzine is a mineral oil, lighter than kerosene and heavier than gaso- 
line; the kind used in paint and varnish is called "62-d^ree 
benzine," its specific gravity being 62° on the Baum^ scale for liquids 
lighter than water. Linseed oil weighs 7.7 lbs. per gallon; turpen- 
tine, 7.2 lbs.; and 62° benzine, 6.1 lbs. But linseed oil is sold by the 
oil makers and dealers on the basis of 7.5 lbs. per gallon. 
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A dryer, in some form, is an essential ingredient of oil paint. 
A dryer is a compound of lead or manganese (generally both), soluble 
in oil, and is usually sold, under the name of jpaini dryer or jpaint japan, 
as a solution of such material in a mixture of oil, turpentine, and ben- 
zine. It is usually of such strength that an addition of from 5 to 10 
per cent of it to a raw-oil paint will make it dry in from six to twelve 
hours sufficiently to be carefully handled. Paints are not dry enough 
to use, until they have stood four times as long as this; and they con- 
tinue to harden for months. The strongest drying japans are dark in 
color; but such are more injurious to the durability of the paint than 
those which are paler, especially if the latter do not contain rosin. 
The buyer should always ask for a guarantee that the dryer is free 
from rosin, if great durability in the paint i^ needed. Not more than 
10 per cent of any dryer or japan should ever be used in any paint. 
Slowly drying paints are more durable than quick ones. 

In house painting, the white pigments are the most important, 
because they are the base of all light-colored paints. The most 
important white pigment is white lead. This is sold either as a dry 
powder, or (more conmionly) as paste white lead, which is made of 
90 lbs. dry white lead and 10 lbs. linseed oil. This can be thinned 
with boiled oil to make a white paint. White lead is a very heavy 
pigment; and with a given quantity of oil, more of it can be mixed 
than of any other pigment, except red lead. It has great opacity, 
or covering power. It is discolored by gases containing sulphur, 
becoming brown or black; and unless exposed to fairly strong light, it 
becomes yellowish even in pure air. It is better if it has been mixed 
with the oil for some time — a year or more. 

White zinc is a somewhat purer white than white lead; not so 
opaque. Three coats of lead are reckoned equal to five coats of zinc. 
It becomes harder than lead, but is somewhat liable to peel oflf ; while 
lead, after exposure to the air for a long time, becomes dry and powdery 
on its surface, and chalks. 

A mixture of two parts of lead and one of zinc is much liked. 
7jinc4ead, however, is the name of an entirely different pigment, made 
by fumacing ores containing about equal parts of lead and zinc, 
in which the lead is present as a sulphate. This pigment is free from 
the liability to turn brown if exposed to sulphur gases; it is said to be 
not quite so pure a white as the preceding. It is a comparatively new 



333 



PAINTING 



pigment, but is coming rapidly into use, being somewhat cheaper than 
the others. Lithopone is another white pigment of considerable merit. 

Adulterants. All these pigments may be aduUeraied with 
barytes, or with terra alba (sulphate of lime), sometimes with whiting 
(carbonate of lime). These adulterants are powdered minerals. 
Barytes is a good pigment, so far as protective action goes; and 
terra alba is thought by some good authorities to be unobjectionable; 
but whiting is injurious. All of them are transparent in oil, and 
lessen the opacity or whitening power of the paint. 

From these white paints, colored paints are made by adding 
tinting colors ^ of which the yellow is chiefly chrome yellow y or chromate 
of lead; the blue may be either ultramarine or prussian blue; and the 
green is chrome green, a mixture of chrome yellow and prussian blue. 
The reds are (in house paints) made from coal-tar colors, and most of 
them are now fairiy fast to light. Some dull yellow colors are made from 
ochers, which are clays tinted with iron oxides, roasted and ground. 
These are permanent colors. 

The dark-colored paints may not contain lead or zinc at all. The 
deep yellows, greens, and blues are made from the colors already 
named as tinting colors, none of which are entirely fast to light; the 
dark reds and browns are chiefly iron oxides, which are a valuable class 
of paints* very permanent on wood. The blacks are either lamp^ 
black or drop-ljlack (hone-black) and otlier carbon colors; and these 
are often added in small (|uantity to secure some desired tone or shade 
of color. 

The zinc and lead ])i<^nicnts have some action on oil, and in their 
case it is considered the best practice to apply thin coats; but the dark 
pi^ients do not act on oil, and, of these, thick coats are best for dura- 
bility. 

Paint and Varnish Brushes. A brush that has only a low price 
to recommend it will prove a poor investment. Tf properly cared for, 
brushes last a long time, and it pays to have <;()()(l ones. The first si^ 
of a good bmsh is uniform cjuality from outside to center. Inferior 
bnishes have inferior bristles in the middle, and some poor brushes 
are actually hollow. For ordinary oil painting, the bristles on a large 
new brush should be five or six inch(\s long, uniformly flexible, and as 
stiff as can be found ; thev will be flexible enough an>'\vav, but all should 
be alike. 
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Paint bmshes are rounds flat, or oval, A favorite brush for 
ordinary outside work is what is called a pound brushy a large, round 
brush with stiff bristles six .inches long. Such a brush should be 
frndfcrf when it is new — a "bridle" being a piece of cord wound around 
the bristles to shorten their effective length; as the bristles become 
worn off, the bridle may be removed. A 2J-inch oval brush (2^ 
inches wide) is a highly satisfactory tool to use in general painting, 
and is the brush recommended by the paint committee of the American 
Society for Testing Materials. It is worth noting that this conmiittee, 
made up equally of expert paint manufacturers and experts employed 
by the large consumers, imanimously agreed that no larger brush than 
this should be used in making paint tests. 

The use of brushes five inches wide is common for outside work; 
but while such brushes may be had of the best quality, they are heavy 
and lal)orious to use, and the workman who uses such a brush will not 
bnish the paint sufficiently to get the best result. If a flat brush is 
used, it should not exceed 3\ inches in width; and three inches is 
better. A goo<l 2i-inch oval varnish brush is a most excellent brush 
for all large work in either paint or varnish. The painter should also 
have a good l^-inch oval brush for smaller work, and a number of 
round or oval brushes, called sash tools, of different smaller sizes, for 
more delicate work, such us sash and frame painting. Stiff-bristle 
brushes, which have been worn off short, are suitable for such work as 
rubbing-in filling. For varnishing large surfaces, flat bristle brushes 
2\ inches wide are good; also similar ones 2 inches, IJ inches, and 1 
inch wide are useful. All flat brushes should have chiseled edges. 
For flowing varnish, it is necessary to have thick, flat, cameFs-hair 
brushes, nmning up to SV inches in width, although most house 
varnishing may be done w'ith brushes not over 2h inches wide. 

Besides paint bmshes, the workman will need some ordinary 
scrubbing brushes and one or two painter's dusting brushes, to have the 
surface properly cleane<l. 

Steel-wire bmshes, with stiff steel wire instead of bristles, shaped 
like scrubbing bmshes, are used for cleaning off old paint and for 
cleaning structural metal work. These are of various sizes; and the 
steel wires are of different lengths and sizes, hence differing in stiffness. 
They may be had at hardware stores. 

Care of Brushes Hair and bristle brushes must be kept clean 
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•ad aoft; dui OM be done by care and Itithfulneai. Thejr diouki 
not be allowed to become drj with paint or vamidi in them. To 
pniveDt this, wash them out in o3 w turpentine as soon aa )roo am 
thiouj^ unng than; or th^ may be left in the paint ot vumUti lor a 
ipw days. They may be kept over nij^t by wn^jnng them veiy 
doBtiy in peper if they have been need in a atow-diytng material; m 
tiiis way thqr nuiy be carried from cme place to another. Bmdhea 
dboidd not be left to dry witfi even dean oil cr tuipentine in them; if 
fli^ aie to be put away, they diould be wdl washed first with soajp 
and waleri dien with dean ^nJber, then hung up until thorou^y di^p; 

In use, brashes are best kept in what is called a Mo^ M^ A 
deq> wooden paH^ with nails driven in its sides at ^ileient distances 
from the bottom, and with a dose covers makes a good leoqE^ade 
for brushes. Hie brushes have holes in didr handles, or loofs of 
oonl tied to them, and are hung on tfiese nails; didr brisdes dip into 
some turpentine, or oil in the bottcmi of die paO; thqr<u«fsohungdiat 
they do not dip into the liquid above where the Inistles project £rom 
ibe binding. If brushes are left standing on the bristles on the bottom 
of a vessd, they soon become one-sided and distorted in ^pe. Tin 
brushnettfes may be bouf^t of any lafge deato in brushes. 

A brush whidi has dried with pamt or Tarnish in it, may be 
recovered by soaking it in a non-alkaline varnish-remover. This will 
in time soften it so that it may be used again, but it is not improved by 
such treatment. Brushes used in shellac should be washed out with 
alcohol instead of turpentine or benzine. No brush is good unless it is 
clean. 

Fillers. Fillers are of two kinds — paste and liquid. Paste 
fillers are something like a very thick paint, and are composed of some 
solid powdered substance, usually silica or powdered quartz, mixed 
with a quick-drying varnish thinned with turpentine or benzine. 
This is applied to the dry surface of the wood with a stiff, short-bristle 
brush, or is put on with a clean, white cotton cloth, and well rubbed into 
the pores of the wood. After half an hour or so, the surface of the 
wood is wiped off with a wad of excelsior or a clean cloth or a piece of 
felt. A liquid filler is a quick-drying varnish; and most of the liquid 
fillers on the market are cheap rosin varnishes loaded with dryers, 
and should never be used. Paste fillers are the best in almost all 
cases. 
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HOUSE PAINTING 

Inside Work. All window and door frames, whether they are to 
be finished with paint or vamish, should receive a good coat of paint 
made with some cheap pigment, such as iron oxide, and boiled oil, 
applied to the back of the frame, before they are brought from the 
shop to the house; this prevents the absorption of moisture and hin- 
ders decay. If they are to be painted, they should receive a priming 
coat in the shop, if possible; if not, it should be applied as soon as prac- 
ticable. The priming coat is composed of white lead and boiled oil or 
raw oil, with five to ten per cent of dryer; and should be almost all 
oil, with very little pigment. Turpentine is not a good thing in a 
priming coat, because the object is to fill the pores of the wood, and 
turpentine evaporates. As soon as this is dry to the touch, all holes 
are to be filled with putty. The best putty for this purpose is white 
lead putty, made by mixing a little raw oil with dry white lead, 
or by adding dry lead to paste lead until it is of the right con- 
sistency. This kind of putty hardens quickly as compared with 
common putty, and is the best for this purpose. A steel putty-knife 
should not be used on interior woodwork, as it is almost certain to 
scratch it; a hardwood stick, suitably shaped, should be used. All 
cracks, joints, and nail-holes should be carefully filled. All knots 
and sappy places should be varnished with shellac vamish; this pre- 
vents the pitch and moisture from attacking the paint. The shellac 
should be applied where it is needed, before the priming coat. The 
priming coat should be given time to get quite dry; at least a day — ^two 
days, if possible; and a week is better yet. Then it is ready for the 
second coat. This should contain a considerable amount of turpentine. 
If no turpentine is used, the surface is likely to be glossy, and the next 
coat of paint will not adhere well; but by replacing part of the oil with 
turpentine, we get what painters call a flat coat — that is, one which is 
not glossy; if this is made from paste lead or any paste paint, it can 
be produced by thinning the paste with a mixture of oil and turpentine 
in equal proportions; some painters prefer one-third oil and two- 
thirds turpentine. This is for inside work only. This coat should 
be allowed to dry thoroughly; if it takes ten hours for the paint to be 
dry enough to handle, then at least four times ten hours additional 
should elapse before the next coat is applied ; this is a good general rule; 
and as much more time as possible should be allowed. If the finish 
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is to be ordinary oil paint, the next coat may be paint, thinned with 
about half as much turpentine as before, or with no turpentine at all. 
In the latter case, when the coat is thoroughly dry, it must be carefully 
examined, and, if glossy, it should be rubbed with something to take 
off the gloss; curled hair is often used, or a light rubbing with pumice 
and water. Then the final coat, which has no turpentine in it, may be 
applied. 

But if the finish is to be with an enamel paint, the second coat, 
when quite dry, should be very lightly sandpapered with fine sand- 
paper, and the third coat should be of like composition to the second, 
treated the same way; then the enamel paint is applied. For a really 
first-class job, when this is quite dry, it should be rubbed down with 
curled hair or pumice and water, and another coat of enamel put on. 
This may be left with the natural gloss if desired; or it may be rubbed 
with pumice and water to a flat (dull) surface. 

Painting Plastered Walls. Old plastered walls may be painted 
with oil or enamel paints as though they were wood, remembering that 
the priming coat will have almost all of its oil absorbed by the plaster. 
New plastered walls do not take paint well, on account of their alkaline 
character, which gradually disappears with exposure to the atmos- 
phere. It is well to let a wall remain unpainted at least a year. But 
if it is necessary to paint a freshly plastered wall, the wall is prepared 
by some painters by washing it with a solution of su<^r in vinegar, 
the sugar uniting with the lime to some extent; or — more eommonly — 
by washing it first witli a stmng solution of common alum and then 
with a solution of soap. After this is dry, it is waslicxl with clean 
water, allowed to dry, and then j)ainted. The alum and soap form an 
insoluble compound which closes the jK)res of the plaster to some ex- 
tent, and j)revents the lime fn)m acting on the paint. 

Outside Work. Exterior paints arc* more elastic, as they need 
to be far more lasting, than those used on interiors, since the effect of 
exposure to the sun and rain destroys j)aint more than almost any- 
thing else does. Paint on the interior of a house will last almost 
indefinitely; but on the outside the best paint is not very durable. The 
surface, if new, should be cleaned by bnishing; knots should be 
shellacked: after which the priming coat should be applit^l. This 
may be the same paint which is selected for the finish, only thinncxl 
with boiled oil (or raw oil and dryer), using one to one and a-third 
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gallons of oil to each gallon of paint. The reason why ordinary paint 
may not be used as a primer, is that the wood absorbs the oil, leav- 
ing the pigment as a ccmparatively non-adhesive powder on the sur- 
face, from which the next coat will probably peel off. The next step 
is to putty up all nailholes and other defects. For the second coat, 
many experts advise the addition of half a pint of turpentine to the 
gallon of paint; others make no addition to it. The thin! coat is 
applied after the second is thon)ughly dry; if a week or a month can 
elapse between these coats, so much the better. 

Repainting. If the old paint has been on a long time, it is liable 
to be permeated by minute cracks, which admit moisture to the surface 
of the wood and loosen the paint. If now we paint over this, the new 
paint, which shrinks in drying, tends to pull off the old paint, and of 
course the whole peels off in patches. If the old paint is in this state, 
it must be removed before the new paint is applied. This can be 
done by burning off. For this work a painter^s torch is required, 
which is a lamp burning alcohol, gasoline, or kerosene, and is so con- 
structed that a blast of flame can be directed against the surface. This 
melts or softens the old paint, which is then immediately scraped off 
with a steel scraper. The paint is not literally bumed, but is softened 
by heat so that it can be scraped off. In some cases it is sufficient 
to remove as much as possible with a steel brush; this is a brush like 
a scrubbing brush, with steel wires instead of bristles, and, when 
vigorously used, will take off the loose paint. 

Okl paint, however, is not always in this condition. If it adheres 
well, it may be cleaned with an ordinary scrubbing brush and water, 
and when it is quite dry, the new paint may be applied. Sometimes 
the paint seems in good condition, only it has faded and lost its luster; 
in such cases a coat of boiled oil, or raw oil with dryer, is all that is 
needed. 

It is well to paint the trim — ^that is, the window-casings, door- 
casings, comer-pieces, and the like — before painting the body of the 
house; then the paint can be applied to the flat surfaces more neatly 
than is otherwise likely to be done. Paint should be applied in thin 
coats, well brushed on; it is not unusual to see paint come off from 
re-entrant angles while it is still good on flat surfaces, because it was 
diflScult to brush the paint properly in those places. There is a great 
difference in durability between a thin paint flowed on with a large. 
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^•i farodi, and oiie (tf premier omssteiK^ wdl bf^^ 
<^ meditun size. In all painting on wood, U is desigable to bniA it on 
inth the giain of the ^bod; and by painting onfy a fewboaids at oooe^ 
we^ may avoid laps by painting tiie vfade length. Rouj^ smboes 
hold paint better, and more of it, than smooth. A gallon of paint will 
cover, one coat (on a painted or well-primed surface), about 600 sqiiaie 
fe^, not flowed on, but well brushed out in a thin film. The priming 
coat will not cover more than 300 or 400 square feet to the galkm. In 
measuring the outside of a hmsb for surface, make no deductkxns Uxt 
doors and windows; if the trim b to be painted 'a different cdpr, from 
one-fldxth to one-third of the paint will be required of that color. 
Pmit should be stirred frequentiy while using. A coat erf dry paint i& 
bom yfo^ to Tt(^ o' <^ ii^ *^ thickness. 

Roof Mating. Roof paints should contun a larger proportion of 
oil to pigment than other paints, and less dryer (or none at all). 
Many thidc that the addition of ten to twenty per cent of fish oil to a 
paint for roofs is advantageous; fish ml greatiy retards diying and 
prevents the paint from becoming brittle. Tin roofs, if new^ should 
be thorou^y scrubbed with soap and water, or with pieces of harrii 
doth, sudi as burlap, wd) wet with benzine. Thqr may dien be 
painted. 

Paint dries relatively fast on roofs; but as a roof paint is veiy 
slow-drying, plenty of time must be allowed between coats. A new 
reef should receive three coats. Metal gutters and spouts are to be 
treated the same way. Do not forget that new tin or galvanized iron is 
diflScult to paint; have it very thoroughly scrubbed, even though it 
looks perfectly clean, and then rub the paint on well with the brush. 
Metal spouts will usually be painted the same color as the wall of the 
house. 

Sometimes shingle roofs are painted with fireproof paint. This 
is not really fireproof, but considerably retards the spread of fire, after 
it has become thoroughly dry; when fresh, it does not even do that; nor 
does it have much effect after it has been on a year or so. It may be 
made by adding to a gallon of any good paint about a pound of 
powdered boracic acid. WTien strongly heated, this material fuses 
and forms a sort of glass, which keeps the air from the wood. It is 
after a time washed out by the rain. 

Canvas roofs are prepared in the following manner: The canvas 
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(10-ounce duck is often used) is first nailed down, care being taken to 
draw it tight; it will show some wrinkles, but these are not to be allowed 
to accumulate to form a large wrinkle or fold. Then the canvas is 
thoroughly wet; it shrinks, and all the little wrinkles disappear. It is 
a common practice to paint it while it is still wet, this being an excep- 
tion to all other practice; but some wait until it is dry. The writer 
has been accustomed to the latter method, and has not found that the 
canvas shows wrinkles on drying, while the results are all that can be 
desired. A well-painted canvas roof is very durable and satisfactory. 

PAINTING STRUCTURAL METAL 

Steel is a more perishable material than wood, and more diflRcult 
to paint. Without regular expenditure for maintenance, wooden 
bridges last longer than steel ones; there are wooden roof beams a 
thousand years old; and iron roofs are so short-lived that they are used 
only over furnaces and the like, where wooden ones would take fire. 
The painting of structural steel is therefore important; and it is also 
difficult, if we are to judge by results. 

In the first place comes the preparation of the surface. When 
we paint wood, we have the surface clean and dry: and then we soak 
it with oil, so as to have the paint bound to it in the most intimate 
manner. Iron and steel, on the other hand, always come to us dirty, 
and covered with oxide; and as the surface is not porous, the paint 
does not penetrate it, but has to stick on the outside the best way it can. 
If we paint over the dirt and scale, and that ever comes off, the paint 
comes off with it; if the metal is actively rusting, and we paint over the 
rust, the corrosion is perhaps made slower, but it does not stop. 

Air and moisture cause rust; if we can keep them away, the metal 
will last; but, unfortunately, all paint is very slightly porous, and if 
exposed to the weather it in time deteriorates. The most essential 
thing in painting metal is to get the paint on the metal, not on an inter- 
mediate coating. 

There are only two ways to clean steel perfectly. One is by 
pickling it in dilute acid (usually 10 to 20 per cent sulphuric acid), 
followed by washing to remove the acid; and the other is by the use 
of the sand-blast. Neither of these processes is available to the ordinary 
painter, who must do the next best thing. This is to remove absolutely 
all dirt and all loose scale and oxide. First clean off the dirt, if any, 
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with brushes, as it would be cleaned off any other surface. Then, 
with scrapers and steel-wire brushes, clean off all the scale which will 
come off. If there is any new rust (not mill scale), it must be well 
scraped out and cleaned off. This is indispensable. When this is 
done, immediately paint it, before it begins rusting again. 

One of the most popular materials for a first coat is red lead in 
oil. This must be mixed on the spot, shortly before it is used, because 
it will harden into a cake in the pail or can if allowed to stand very 
long. From 30 to 33 pounds of dry red lead is to be mixed with each 
gallon of oil — not less than 28 in any case. This is immediately painted 
on the metal ; if it is put on in too thick a coat, it will run and be uneven. 
Some use raw oil, others boiled oil; it does not make much difference 
which is used. The paint dries rapidly; and as soon as it seems hard, 
a second coat of the paint can be applied. Red lead is different 
from all other paints in this, that it will finish hardening just as well 
away from the air. This is because it does not dry by oxidation, as 
other paints do, but by the lead combining chemically with the oil, 
just as water combines with Portland cement. In the opinion of the 
writer, red lead should have one or two coats of some good paint, other 
than red lead, over it. But red lead is not the only first coating which 
may be used. Any good paint may be used — a good graphite paint, or 
other carbon paint, or some of the varnish-Hke coatings containing 
linseed oil and asphaltum which are made for the purpose. It is 
important, in using any of these, to let plenty of time for dning elapse 
between coats. Not less than two coats is permissible, and three are 
desirable. 

Projecting angles, edges, and bolt and rivet heads are the places 
which first show rust through the paint. This is partly because the 
brush draws the paint thin at such places. To overcome this, it is now 
becoming common practice to go over the work after the first coat, 
and paint all edges for about an inch from the edge or angle, and all 
bolt and rivet heads, with an extra or striping coat; then, when the 
second coat goes on over the whole, there is the equivalent of two 
full coats everywhere. 

Painting on iron, as on wood, should be done in dry weather, 
when it is not verv cold — at anv rate not below 50^ F. Full, heavv 
coats should be used, and well hrushcH^l on. Care must be taken to get 
the paint into all cracks and corners. 
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VARNISH 

A varnish is a liquid made to be applied to a surface in a thin 
fikn, which, on exposure to the air, hardens into a protective coating 
that is usually glossy and almost transparent. There are two principal 
classes — spirit and olecM'esinous varnishes. 

Spirit varnishes, of which shellac* is the most important, are made 
by dissolving a resin (or sometimes some other substance) in a volatile 
solvent, such as alcohol. They dry by evaporation, the solvent going 
off and leaving the resin spread out in a thin film, the liquid or vehicle 
having really served as a mechanical means of spreading the resin over 
the surface. Shellac is a resin which comes on the market in large, 
thin flakes. It may be dissolved in denatured (or any other) alcohol 
in the following manner: 

Put the alcohol in an earthenware jar, and weigh out five pounds 
of gum shellac for each gallon of alcohol. Just before leaving at 
night, carefully and gently drop the shellac, little by little, into the jar 
of alcohol, then put on tht cover and leave it until morning. Do not 
on any account stir it. In the morning the flakes of shellac will be 
soaked and swollen; but if you had stirred them in, the night before, 
they would have stuck together in lumps. Now, during the day, stir 
the mass with a wooden stick once every hour or so; do not put any 
metal in it, especially iron ; one iron nail will spoil the color of a whole 
barrel of shellac. By the next morning — perhaps before — the shellac 
will be ready for use. It does not make a clear solution, because the 
gum shellac contains some wax, which does not dissolve, and so the 
varnish is milky or cloudy; it is, however, ready for use. As the 
alcohol is volatile, the jar should be kept covered; and after it is 
made, the varnish should be put in glass bottles or clean tin cans. 

There are many grades of shellac gum, the best being known by 
the letters D C; but there are others nearly as good. The common 
shellac is brownish yellow, and is called orange shellac; this is the natu- 
ral shellac color. White shellac is made from this by bleaching with 
chlorine; but it is not of so good quality as the unbleached; it has, of 
course, the advantage of being much paler in color. White shellac 
gum will, on long standing, sometimes become insoluble. Shellac 



*NoTB.— By some painters, the term "varnish" is never used to include shellac 
There is. however, no valid, objective reason for thus limiting the use of the term. 
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vamidi may be thinned with akxdid, and <rfte& this is neeesBuy. 
ShdUac is too crften adulterated with oommon jtcnsui, wbidx greatfy 
lessens its value, lids is easQy detected by a chemical tert. 

Dofnar is a white resinidiidi is sohible in cqpoits of tuipentine— 
five or six pounds of resb to a gaBon of tiupentbe. It is ^ most 
nearly coloriess varnish we have, but never beocmies veiy hard. It is 
used to a consklemUe extent as a vdiide^ white lead and snc^ to 
make a vay white enamd paint It is not dun^ if exposed to die 
weather. 

More important than spirit varnishes aie the oteo-iesinous vap- 
nishes^which consist of certain resbsdissolved in linseed oD, the mixture 
being thinned with turpentme or benxine. In maUng diese, the resin 
is put in a copper kettle and heated until it is thorouj^y midted ; ihssk 
some hot oil is added to it, and the mixture cooked undl the wlirie is 
thoroughly combined. ^ The kettle is then taken from the fire/ and 
when partly cool, the turpentine is stirred in. The resm makes the 
film hard s^ lustrous, and the oil makes H tou|^ Tlius the larger 
the proportion of resin, the harder and more briUiant will be the film; 
the laiger the proportion of cnl, the toug^ier, more dastic, and more 
durable it will be, and the slower it will diy. Most of the cofer of varnish 
comes 6om the resm; the paler this is, the pakr wj3I be the vainish. 
The pale gums are higher in price than the dark ones, but are no better 
in any respect except color. Dark varnishes may be just as good 
(except in color) as pale ones — ^in fact may be better, for the dark 
resins are often harder and better than the pale ones of the same sort. 
The hard and quick-drying varnishes are suitable for furniture; the 
medium, for interior house-vamishes; the slow and elastic, for exposure 
to the weather. 

Varnishing. The wood should be dry. For this reason it is 
better, if necessary to clean it, to avoid washing as much as possible, 
' using sandpaper instead, which will also make it smooth. Of course 
the carpenter is supposed to do this, but the painter must not neglect 
it on that account. When in proper condition, it first receives, if it is an 
open^grain wood, a coat of paste filler. The open-grained woods in 
most common use are oak, chestnut, and ash. The woods classed as 
close-grain woods are white pine, maple, birch, yellow pine, white- 
wood, cherry, and sycamore. These latter do not need filling. If 
filler is used, it should be well rubbed in with a short, stiff brush; and 
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when it has set, say in fifteen to thirty minutes, it is rubbed off with a 
handful of excelsior, rubbing across tlie grain, and rubbing hard, so as 
to force the filler well into the pores of the wood. Then it should 
stand 24 to 48 hours. 

When purchased, a paste filler is too thick to be used with a brush, 
and must be thinned with turpentine or benzine; at the same time it 
may be stained to any desired color with an oil or varnish stain. These 
stains can be purchased of any desired color. If a close-grained wood 
is under treatment, the first thing is to apply a stain if it is desired to 
stain the wood; but it is common practice to finish in the natural color. 
Stains usually require a good deal of thinning before using; the amount 
of thinning will determine the depth of color. Water stains are seldom 
used, as they tend to raise the grain of the wood. 

In cleaning off the filler, be careful to clean out comers and mould- 
ings, using for this purpose, properly shaped hardwood sticks; do not 
use any steel tool. 

Where rooms are to be finished in the natural color of the wood, 
it is nevertheless a common practice to stain the window-sashes; a 
cherry or light mahogany stain is often used. Fillers are sometimes 
used on close-grain woods; but this is not advisable, as they tend to 
prevent the varnish from getting a good hold on the wood. 

Next comes the varnishing. Window-sills, jambs, inside blinds, 
and other surfaces exposed to the direct rays of the sun, are to be 
treated as exterior woodwork, and are not varnished with the ordinary 
interior varnish used on the rest of the work. The floors also are left 
out of account for the present. The rest of the woodwork receives its 
first coat of varnish ; apply it, as much as possible, with the grain of the 
wood, brushing it out well in a thin coat. The varnish ought to dry 
dust free (i.e., so that dust will not stick to it) over night; but at least 
five days should elapse between coats. When dry, it should be rubbed 
with curled hair or excelsior enough to remove the gloss, so that the next 
coat of varnish will adhere properly; a better result will be had if it is 
lightly sandpapered with 00 paper. The second coat is treated like 
the first. The third is not sandpapered, but nibbe<l with curled hair; 
the fourth or finishing coat may be left with the natural gloss, or, if pre- 
ferred, it may he rubbed with fine pumice and water to a smooth, dull 
surface. For this purpose the varnish dealers sell felt, al)out an inch 
thick, which is well wet in clean water; a little dry pumice powder is 
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put on it; and the rubbing is done with this. The vamisb must be 
quite hard and diy before this is attempted. Varnishing, if properly 
done, is slow work; that is, much time must be allowed for each 
I" coet to dry thorou^ly. 

B The vamiah which is used on interior woodwork should not dry 

Jg too quickly; It should dry enough over night so that dust will not stick 

fV to it, and in twenty-four hours should be hard enough to handle fredy; 

I!?'- but if a chair, for example, were varnished with it, it would not be 
P ■ ejitirely safe to sit on it for a week. It should, however, finally become 

^ perfectly free from tick, which it will not do if it is a nsiQ varnish. At 

Kr , present prices (and it ia not pn^xtlde that ^ley wiD era be lower) yax- 

gf nishes for interior woodwork are sold, according to color aodoquali^, 

i| at prices ranging f tom $2,50 to $4.00 a gallon. It is in the hi^iest 

I degree inadmissibletouaeacheapTaiiu^f6ruDdetcoids;theouter coats 

Jl will crack if this is done. A good varnish that dries too quickly, audi 

as what is called a rubbing varniah, or me intended for furniture, has . 
not the durability needed for this worit. It is economy to use a good 
nunish. Ilie 'writer has in mind a house -niaiii was prop^y var- 
nished eighteen years ago and has been con^anfly occupied by a large 
family, yet the varnish isstiUinfairconditioh;if it were lightly sand- 
papered and one new coat affiled, it would be like new — as good as 
it is possible for a surface to be. Cheap rosin varnishes never look 
well, even ^'hen new, never keep clean, and deteriorate rapidly. 

Shellac. Interiors are sometimes finished with shellac. This 
varnish is not used on exterior work, but it is a good varnish for inter- 
iors. All varnishes containing oil darken the color of wood ; but white 
shellac is comparatively free from this objection; at any rate it does it 
less than anything else. Orange shellac is a dark varnish, and even 
white shellac darkens with age to an appreciable degree. Orange 
shellac is more durable than -white, and should be used wherever 
admissible, rather than white; but it is usually necessary to use white 
shellac for this service. If shellac is nade up as heavy as has been 
described — five pounds to a gallon of alcohol, and this is the standard 
— it should be thinned considerably with alcohol before using on inte- 
rior woodwork. It must be applied in thin coats, and given plenty of 
time to dry. It is very deceptive about this; it appears to be dry and 
hard in an hour, and it is hard enough to handle freely; but if we apply 
coat after coat, even six hours apart, we shall find that the wood is 
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finally covered with a waxy mess which will be the source of nothing 
but trouble. The first coat sinks rapidly into the wood; a second coat 
may be appUed six hours later; but after that, allow two days at least 
between coats. Shellac makes a very thin coat; so it is necessary to 
apply a large number of coats, at least twice as many as of oleo- 
resinous varnishes, to get a sufficient thickness of coating. Because 
of this labor, shellac is an expensive finish; but it is handsome flnd 
durable. The treatment of it, as regards rubbing, etc., is the same 
as has been described for other varnish. 

Varnish makers usually advise that shellac should never be used 
as a priming coat for other varnish; this is probably because they wish 
to sell more of their own goods, for shellac is really an excellent first 
coat, except for exterior work, where it should not be used. Of course, 
wood should be filled before shellacking, the same as for other varnish. 
Varnish does not, however, wear well over a heavily shellacked sur- 
face. Shellac makes a good floor varnish, discoloring the wood very 
little, and wearing fairly well. After the floor has been well varnished 
with it, very thin coats, applied rather frequently — ^say every one to 
four months, according to use — will keep the floor in fine condition ; 
and after applying one of these thin coats (of thinned shellac), it will 
be dry enough to use in an hour. This can be applied with a very 
wide, flat brush, and a man can go over the floor of an ordinary room 
in a few minutes. Shellac brushes shouhl be washed out with alcohol 
immediately after using. 

Exterior Varnishing. Varnishes dry much more rapidly out of 
doors than within, so that it is practicable to use more elastic and dur- 
able materials. The conditions, in fact, are so severe that the best 
are not good enough. In the first place, do not use any filler on 
exterior work; it will probably crumble and come out. Do not use 
shellac; as an undercoat exposed to the hot sun, it will soften and 
blister. Use only the best spar varnish, such as is made for varnish- 
ing the spars of yachts; fill the wood with it; sandpaper lightly 
between coats, just enough so that each succeeding coat will take 
hold well; finish with a coat well flowed on; and leave it with its 
natural gloss, which is more lasting than a rubbed surface. This is 
the treatment for hand-rails, outside doors, inside blinds, window- 
sills and jambs, and everything exposed to the direct sun. Hand- 
rails and outside doors should be refinished every year; varnish will 
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not last on an outaide door more than one^wentiedi as long as it wfll 
on an inside door. Never use interior varnish for oiitside work. 

ENAMEL PAINTS 

Varnishes are all more or less brownish yellow or yellowidi brown. 
Therefore a coat of varnish apjdied over a paint obscures and chaoges 
its color to some extent. To ov^roome tins as mudi as possible, the 
vainisb, instead of oil, is mixed with the pigment^ as a vdiicle. In 
this way the pigmait comes to the surface and displays its oolor^ 
These paints, if made with good varnish, are durable; the method d 
aj^lication has already been described. If necessary to thin th^n, 
do it with spar varnish instead of oil; a good interior vamidli may be 
used, but it injures the flowing quality of the paint somewhat. 

White lead and zinc are sometimes mixed with damar varnish. 
This makes the whitest enamel punt, but it never gc^ veiy hard, 
never has mudi luster, and is not veiy duraUe. It is veiy white, h 
easily applied, and dries quickly. 

A NEW VARNISH FINISH 

A method of finishing opoi-grained interior wobdworic, whidi has 
been practiced for a few years, consists in first staining the wood witli a 

water-stain — dyeing it, usually — and then, when it is dry, filling the 
pores of the wood with a paste filler which has been colored by the 
addition of a pigment. For example, the wood may receive a stain 
of any dark color, and the wood-filler be mixed with white lead. This 
shows the open or porous part of the grain in white on a dark back- 
ground. By using artistic combinations of color in the stain and filler, 
very beautiful effects can be produced, and this finish has been used in 
some of the most handsome and costly public and private buildings. 
Thus, if a room is to be decorated in green, the woodwork can be made 
to harmonize with the prevailing color. An oil stain must not be used 
on the wood, as it will not work well with the filler. The colored filler 
is applied and rubbed off in the same way that any paste filler is used, 
and then the varnish is applied over it in the usual way. 

FLOOR FINISHING 

The primary trouble with floors is that people walk on them. If 
they did not, there would be no trouble at all. Four coats of varnish. 
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or even paint, having an aggregate thickness of less than one one- 
hundredth of an inch, will not last indefinitely under the wear of nail- 
shod heels. 

Probably the simplest treatment for floors is painting them. The 
paint should contain a large proportion of a hard oleo-rcsinous 
varnish; an ordinary oil paint is not hard enough. If an oil paint is 
used, it must be heavily charged with dryer, for a floor paint should 
dry in twelve hours. Good quick-drying floor paints are in the 
market. 

Floors of choice wood, however, are not usually painted; they may 
be either varnished or waxed. If they are of oak or other open-grained 
wood, they must be filled with a paste filler; otherwise the varnish is 
applied directly to the wood. Floor varnish is quicker in drying, and 
harder than interior finishing varnish, but should not be so hard as to 
be brittle; rubbing varnish is too hard. If the floor is to be stained, 
this is done with an oil stain before varnishing; if it is a floor which 
has previously been varnished, so that the stain will not penetrate the 
wood, the stain may be mixed with the varnish, although the effect is 
not then so good. 

FlooT wax is not made of beesw\\x, but of a harder vegetable wax, 
and is sold by all paint dealers. The floor should receive one coat of 
shellac; then the floor wax may l>e rubbed on with a stiff brush, and 
when it is dry, which will be in a few hours, it may be polished by 
rubbing with a clean cloth or with a heavy, weighted floor brush made 
for the purpose. It should receive another coat every week until four 
or six coats have been applied; after this a little of the floor wax, 
thinned if necessary with turpentine, should be applied often enough 
to keep the floor looking well. Alkalies dissolve the wax, and in 
cleaning the floor only a little soap should be used in the water with 
which the floor is washed. A wax finish kept polished with a polishing 
brush, is the handsomest surface than can be obtained for a floor; but 
it is so slippery that it is somewhat dangerous. It does not discolor 
the wood. Interior trim (but not hand-rails) is sometimes wax- 
finished. This finish requires a good deal of care, as it is likely to 
catch dust; otherwise it is handsome and durable. 

Old floors which require cleaning and revamishing should have 
the old varnish or paint removed by a good varnish-remover, one of the 
modem sort, free from alkali. This is painted over the surface, and, 
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after a short time, removed with a semper. The last of ibc vanii^ 
rentover is taken out with a rag wet with turpenttne or bensine, cue 
being taken that there is no fire of any sort in the room or any nd^ibiw- 
ing room. This will not only take off the old viuiusb, but the old filler 
also; and the floor must be treated like a new floor. Any stuns on tfie 
fioor may be treated with a hot solution of oxaUc acid, one part to ten 
of water; when the stains disappear, wash well with dear water; let 
the floor diy a day; sandpaper; and it is ready for varnishing again, 
lliis treatment — removal of old paint or varnish by a liquid- vamidt* 
rraiover — is applicable to all varnished or painted worit. The outside 
of a house could have the old paint taken off in this way, but burning 
off is cheaper and quicker. These vatnish-removers are mixtures of 
benzole, acetone, alcohol, and other liquids, and the best of them are 
patented. 

ALUMINUM AND BRONZE PAINTS 

Radiators and pipes are often painted with aluminum or bronze 
paints. These consist of metallic powders, in fine flakes, mixed widi 
some varnish — usually with a pyroxylin varnish, which is a thin solu- 
tion of a variety of gun-cotton in a suitable solvent, generally acetate of 
amyl. If one of these paints — which smell somewhat like bananas — 
becomes thickened in the can by evaporation, it can usually be thinned 
with acetate of amyl, if some of the special thinner cannot be had; 
brushes can he washed out in the same. A good aluminum paint is 
durable, even exposed to the weather. One coat is usually enough, 
two certainly so. 

GLAZING 

House painters are usually expected to understand the art of 
setting window-glass; it is not difficult to leam. Glass is classified as 
sheet or cylinder glass and plate glass. Sheet glass is made, at the 
glass works, by blowing a quantify of glass, first, into a hollow globe; 
then, by more blowing and manipulation, this is stretched out into a 
hollow cylinder perhaps a foot in diameter and five feet long; this 
cylinder (whence the name "cylinder glass") is cut open, and, after 
reheating, is flattened out into a sheet, whence the name "sheet glass;" 
after annealing, it is cut up into convenient sizes. It is made of two 
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thicknesses — single thick, which is about one-sixteenth of an inch; 
and double thick, one-eighth of an inch; but it does not run perfectly 
uniform. All sheet glass contains streaks, bubbles, and specks of 
dirt, and is more or less irregular or .wavy in its surface; and in respect 
to this it is graded as first, second, and third quality; in American glass 
these grades are usually marked "AA," "A,'' and "B;'' and anything 
poorer than "B'* is called st<x:k sheets. Foreign glass is not thus 
marked, each maker having his own arbitrary marks. Single-thick 
glass is used for sizes not greater than about 28 by 34 inches; double- 
thick, up to 40 by 60. For larger sizes, plate glass only is used ; l)ut 
of course either plate or double-thick can be used for small sizes, if 
desired. 

Plate glass is cast in plates; the liquid glass is poured out on an 
iron table, about 15 feet wide and 25 feet long, and smoothed down to a 
uniform thickness of half or five-eighths of an inch by passing a roller 
over it, like rolling pie-crust; after this it is ground dowTi with sand, 
emery, and polishing powder to a quarter or five-sixteenths of an inch 
in thickness. It is therefore much more costly than sheet glass, but 
is also more perfect. 

Crystal is a very thin plate glass, about one-eighth of an inch thick, 
and is used where ordinary plate is too heavy, as in movable sash. It is 
the finest of all window glass. There are two grades of plate glass, 
known as glazing (for windows) and silvering (for mirrors), the latter 
being the best. In the first place, the sash is prepared for the glass. 
It must receive a priming coat; if it is to be painted, it is primed with 
white lead and boiled linseed oil, the mixture having very Httle or no 
turpentine added; if it is to be varnished, it is primed with boiled oil 
alone. If it is not primed, the putty will not stick; the wood will draw 
the oil out of the putty and leave it crumbly. Next, the glass is fitted 
to the sash. It is cut either with a glass-cutter's diamond or with a 
wheel cutter, the latter being a little sharp-edged steel wheel set in a 
handle. If well made, the wheels may be bought separate and are 
replaceable. The wheel cutters are generally used on sheet glass; but 
plate glass is cut only with a diamond, which makes a deeper cut. 
The wheels are kept wet with kerosene; the workman has a little bottle 
or cup of kerosene on the bench, and dips the wheel in it. 

The glass bcjng cut to the right size, a layer of putty is spread, 
with the putty-knife, along the recess in the sash where the glass is to 
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rest. Tlii.s is culled bfiliHiuj the glas.s, and sliould always Ix; done. 
It is not uncommonly omitted with pine sash; but it absolutely must be 
done with nil lianlwooil sash, metal or mptal-Iined sJish, and for all 
plate ami crystal glass ; and it ought to he done in all cases. 'J'heii the 
gla.ts is gently presswl into place, after which it is fastened with ijlaziera' 
pointa, which are triangular bits of metal. No. 2 points are used <tn 
sJngle-thiek, and No. 1, which are larger, are nsed on double-thick 
glass; they are put in 9 to 12 Inches apart. They are driven, not with 
a hammer, hut with the thin side of a twoineh chisel, the flat aide of 
which lies on the gla-s-s, the edge of the chisel away from the surface 
so as to avoid scratching it. The chisel is also useful for adjusting the 
position of tile pane; if it is smaller than the sash, it is so placed that 
when the sash is in its natural upright po.sition the pane of glass will 
rest with its lower ettgc bearing on the wood. The points are com- 
monly of zinc, which bcuds easily; and when the pane is properly 
placed, if there is on one side a space between it and the wood, the 
chisel is held over this crack, and with its edge an indentation or crimp 
is made in the little triangular zinc point which has already been 
driven; this crimp prevents the glass from sliding back against the 
wooil. This is the reason zinc is used for the points; it will Ix-nd. 
Sfecl jH'irils are snmelimes usefl fur plate glass, because of their greater 
strength, the glass being heavy. To drive through the sheet metal of 
metal-covered sash, steel slugs are used ; these are about a'j inch thick, 
about 5 inch long, and ^V '"'^h wide at the wide end, triangular, and 
sharp-pointed. 

There is a machine for driving points, but it is not much used 
except on small glass set in soft-wood sash. 

The gla.ss being properly secured by points, it is ready for putty- 
ing. To do this, the professionals set the sash up in a nearly vertical 
position on an easel; the glass is puttied on the right-hand side and 
across the bottom; then the sash is turned the other edge up, and the 
operation is repeated. This finishes the work. 

The most important things alxiut glazing are to use a sufficient 
niimher of points and to use good putty. Ordinary (pure) putty ts 
made of whiting, which is pulverized chalk, mixed with enough linseed 
oil to give it the consistence of stiif dough. The workman can make it 
from these materials with his hands; everyone can make his own putty. 
As a matter of fact, however, the putty of commerce is made by ma- 
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chinery; and also, as a matter of fact^ it is in general abominably 
adulterated. It would seem as though whiting and linseed oil were 
materials cheap enough; and in reality putty can be sold for about 
three cents a pound, or sixty dollars a ton; and a dollar's worth will 
putty all the glass in an ordinary house. Pure putty, however, is 
almost impossible to get. Marble dust is substituted for whiting, 
and a mixture of rosin and mineral oils for the oil, and the cost reduced 
about half. It is the use of this miserable stuff which causes nine- 
tenths of the troubles with windows. If the glazier cannot be sure of 
his putty otherwise, he should make it himself. 

The best putty for glazing is a mixture of pure whiting putty with 
one-tenth white lead putty. This makes it set a little more quickly, 
and it becomes harder. Pure white lead putty gets too hard; it is too 
difficult to remove it in case of breakage of glass. 

If the glass has not been bedded in putty, it is customary to go 
around the indoors side of the glass, and crowd some putty into the 
crack between it and the sash. This is called hacking the glass. Large 
plates of plate glass are not puttied, but are held in place with strips 
of moulding nailed on the sash, in which case the crack between the 
glass and the moulding is backed with putty. 
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PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a large number 
of test questions and problems which afford a valu- 
able means of testing the reader's knowledge of the 
subjects treated. They will be found excellent prac- 
tice for those preparing for College, Civil Service, or 
Engineer's License. In some cases numerical answers 
are given as a further aid in this work. 
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REVIEW QUESTIONS 

ON TUB HUBJKOT O V* 

ELECTRIC WIRING 



1. Explain the three-wire system of wiring. 

2. In case a test shows excessive leakage, or a ground or short 
circuit, how would you locate the trouble and remedy it? 

3. Describe the construction and use of outlet-boxes. 

4. What is the principal difference between alternating and 
direct-current circuits, so far as concerns the wiring system? 

5. Compare the advantages of the two-wire and three-wire 
systems of wiring. 

6. Under what general heads are approved methods of wiring 
classified? 

7. A single-phase induction motor is to be supplied with 25 
amperes at 220 volts; alternations 12,000 per minute; power factor. 8. 
The transformer is 200 feet from the motor, the line consisting of 
No. 4 wire, 9 inches between centers of conductors. The trans- 
former reduces in the ratio 2,500, has a capacity of 30 amperes at 220 

"""250 
volts, and, when delivering this current and voltage, has a resistance-E. 
M. F. of 2.5 per cent, and a reactance E. M. F. of 5 per cent. Cal- 
culate the drop. (Use table and chart.) 

S. What are the distinctive features of the different kinds of 
metal conduit? 

0. Suppose power to l>e delivered, 300 K. W.; E. M. F. to be 
delivered, 2,200 volts; distance of transmission, 15,000 feet; size of 
wire. No. 00; distance l)etween wires, 24 inches; power factor of load, 
.7; frequency, 100 cycles per second. Calculate line loss and drop 
in per cent of E. M. F. delivered. (Use table and chart.) 

10. In installing A. C. circuits, what requirements are insisted 
on as to the placing of conductors in conduits? 

11. Describe the manufacture, use, and special advantages of 
the different kinds of armored cable. 
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12, Describe three different methcxls of testing? Which is to 
be preferred? 

1 3. What conditions determine whether a two-wire or tlirce-wire 
sj-stem of wiring should l>e iispd? 

14, In loctttinj; fiitnaut cabinets and distributing centers, what 
requirements should bo fulfilled? 

15. What is "knob and tube" wiring? Explain its use and dis- 
cuss its advantages or disadvantages. 

IG. How far apart should insulators be placed? 
17. What tests should be made before an electric wiring equip- 
ment is finally passed for acceptance? Give reasons. 

IS. Wliat regulations govern the use of fibrous tubing? 

19. What is meant by mutual induction? 

20. What are the advantages and disadvantages of overhead 
linework as compared with underground hnework? 

21. Describe and illustrate by sketches pro[>er methods of 
supporting and protecting conductors. 

22. Discuss the advantages of rimning conductors exposed on 
insulators. 

23. Illustrate by diagram, proper and improper methods of 
grouping conductors of two two-wire circuits. 

24. \\'hat dangers are inherent in the use of moulding? What 
precautions should be taken to avoid them^ 

25. Describe the proper methods of laying out branch circuits, 
(a) in fireproof buildings; (b) in wooden frame buildings. Give 
sketches. 

26. What methods of installing wiring are best adapted for the 
following classes of buildings, (a) fireproof structures; (6) mills, 
factories, etc.; (c) finished buildings; (d) wooden frame buildings? 

27. What is skin effect? Its bearing on the problem of wiring? 

28. In selecting runways for mains and feeders, what pre- 
cautions should be taken? 
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ELECTRIC LIGHTING. 



1. State the current, voltage, candle-power, and efficiency oi 
the incandescent lamp most commonly used. 

2. What do you understand by the ^' smashing point"? 

3. Give the main points of difference between the three 
forms of arc lamp mechanism. 

4. Mention the three principal parts of the Nernst lamp. 

5. Describe with sketch the anti -parallel system of feeding. 

6. Prove the law that illumination varies inversely with the 
square of the distance. 

7. Why is arc light photometry a more difficult problem 
than incandescent ? 

8. Calculate the illumination three feet above the floor at 
the center of a room 18 feet square and 12 feet high, lighted by 
four 10-candle-power lamps 9 feet above the floor at the center of 
the side walls, assuming the coefficient of reflection to be 50%. 

9. What material is used for the filament of incandescent 
lamps? Explain why. 

10. From the curve given in Fig. 4, determine the efficiency 
which corresponds to the temperature of 1300' Centigrade. 

11. What is the object of double carbons in an arc lamp? 

12. What is meant by mean spherical candle-power? 

13. What is the function of the heater in the Nernst lamp? 

14. Describe the Bunsen Photometer. 

15. How does the lighting of public halls diflFer from that of 
residences ? 

16. Why cannot platinum wire be used for the filament of 
incandescent lamps ? 
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ELECTRIC LIGHTING 

17. In a direct- cnrreDt arc lamp, wbicb carbon bams &w%j 
&0 mom rapidly H 

IS. IIow aru arc 1ani[>a rated? 

1(*. What are tho important advantages of the tiro-wire 
parallel syBt«m of distribution! 

20. Name and deBcribo the'most deeirable standard for pho- 
tometric nieasurementa. 

21. How many meaQurenientut should tie taken in the deter, 
mination of spherical iuteofiityl 

22. What is meant by fiaebing? Explain. 

23. Dijflnu eiui«Bivity. 

Zi. If the voltago of an incaudescent lump be increased i% 
abovt* normal, what is the effect on the candle-power, efficiency 
and light 1 

2R. Explain the Cooper-Hewitt lamp, stating the two 
Tnethuda of starting. 

26. Compare the open and enclosed arc lamps. 

27. Why is tbe positive carbon placed above the negative in 
a direct-current arc lamp! 

2H. Sketch and namts the different fonns of incandescenf 
lamp fHaniL-nts. 

liif. Under whal c-unditjoiia can a 3.1-walt incandescent lamp 
be used? 

30. What is the function of the arc lamp mechanism T 

31. What are the advantages of tbe three-wire system I 

32. Why is it necessary to exhaust tbe bulb of an incandes- 
cent lamp ? 

33. At what point in their life should incandescent lamps 
be replaced 1 

34. What is the object of a resistance in aeries with tbe arc 
lamp in constant- potential direct-current systems? 

35. Name the advantages of tbe Nernat lamp. 

80. What sort of lamps and of what candle-power sboald be 
ased in residence lighting? 

37, Give the characteristics of the Cooper-Hewitt lamp. 

38. What will be the external resistance on a 110 volt con- 
Btant- potential system, if the load consists of 437 lamps of 16 
candle-power I 
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RBVIETV' QUESTIONS 

ON THB SXTBJBOT OF* 

PLASTERING 



1. Describe the proper method of spacing, nailing, and joining 
wood lath. 

2. Of what materials is mortar composed? What are the 
requirements of each to insure good results? 

3. Compare the relative advantages of metal and wood lathing 
for both interior and exterior plastering. 

4. How are estimates for lathing and plastering made? 

5. What precautions are absolutely necessary in the placing 
of metal lath? 

6. If wood lathing is used on exterior work, how should it be 
laid? 

7. When, if ever, is wire lath preferable to e^anded metal? 

8. Describe in detail the process of slaking the lime and 
mixing the mortar for ordinary interior plaster work in dwelling- 
houses. What precautions are to be obser\'ed? 

9. Should mortar be used as soon as mixed? Discuss this 
question in all its bearings. 

10. How would you mix the mortar for exterior work? 

11. If lime is not thoroughly slaked, what trouble is likely to 
develop? 

12. What will be the effect of using too much lime in mixing 
mortar? too much sand? 

13. What are the essentials for durable exterior plastering? 

14. Discuss the relative advantages of three-coat and two-coat 
work. In what kind of work are three coats always necessary? 

15. In interior work, what precautions must be observed in 
laying the successive coats of plaster? In exterior work? 
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RKVIBTV' QUESTIONS 

OIV THB 8I7BJB10T OK 

PAINTING 



1. What is the difference between raw and boiled oil? When 
is one preferable to the other? 

2. What would you consider a good brush outfit for painting 
and varnishing the interior woodwork and exterior finish of a modern 
frame dwelling? 

3. How would you make your own putty if you could not buy 
a satisfactory grade? 

4. Describe the principal ingredients used as pigments. As 
vehicles, 

5. What are thinners? Dryersf FiUersf 

6. How are painters' brushes kept in good condition? 

7. How are paints adulterated? 

8. Describe the process of mixing the successive coats of 
paint for ordinary interior (not floor) and exterior woodwork. 

9. Describe the j)rocess of preparing the woodwork and 
applying the successive coats of paint in ordinary interior (not floor) 
and exterior w(jrk. 

10. What j)oints require j)articular attention in the repainting 
of an old job? 

11. Descril)e the process of painting a plastered wall. 

1 2. Describe the material and methods of work in roof painting. 
18. What is enamel paint? How would you do a job of 

enameling the woodwork, say, in a bathroom? 

14. Descrilx' in detail the process of painting structural metal. 

15. How are varnishes classified? 

1(). Describe the method of preparing and applying shellac 
varnisn. 
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